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This Report, like the PARKA I Experiment itself, was
achieved by the cooperative efforts of many individuals from 4

the organizations which participated. It is bound in two vol-
umes. Volume I presents a description of the experiment, the
results of the oceanographic and acoustic measurements, the
predicted (computed) transmission loss characteristics based
on a particular mathematical model, and a comparison of
calculated and measured results. This volume was produced
by interweaving and editing the writing of a number of au-
thors, in particular, R. W. Hasse, W. B. Randlett, K. W. Lackie,
Capt. P. M. Wolff, and the undersigned.

Volume II comprises a set of Appendices which generally
are directed toward presenting information about the opera-
tions conducted and the results obtained by a number of the
individual organizations. In many cases they amplify and
extend in greater detail the material in Volume 1. The authors
of each Appendix in Volume II are identified by a by-line.

Acknowledgment is also due the several hundred indi-
viduals who contributed directly or indirectly to the Report
through their participation in a multitude of ways in the
PARKA I Experiment.

R. H. NICHOLS
Chief Scientist, PARKA
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SECRET SUMMARY

(C) The PARKA I Experiment was de- between average loss computed on the basis
signed for the purpose of providing simultane- of simultaneous environmental measurements
ous, detailed acoustic and oceanographic data and average measured loss at 100 Hz is gener-
for testing acoustic propagation models to ally good, within 0 to 3 dB with occasional
ranges out to 2000 miles, and specifically, to diveigences of perhaps 4 to 5 dB.
test the interim model for predicting long (C) At ranges less than 600 n.m. (where
range sound propagation which has been pro- convergence zones are strong), the agreement
gran'med for the CDC 6500 computer at Fleet between computcd and measured averages is
Numerical Weather Central (FNWC), Monte- not as good. This could be due to use of too
rey, California. It was a cooperative venture high a bottom loss in the model, or to lack of
of 16 laboratories and other organizations, accounting in the model for leakage. Some of
involving a total of eight ships, several aircraft, the deviations in averages might also be due to
and two large oceanographic buoys, FLIP and FLIP's drifting during the measurements.
the Monster Buoy from the Scripps Institution (C) At 200 and 400 Hz there is a consist-
of Oceanography. The experiment comprised ent pattern of computed average losses increas-
a series of intensive, simultaneous acoustic and ing with range over measured average losses,
oceanographic measurements along a north- to maximum differences of 8 dB and 18 dB,
south track from Oahu, Hawaii, to Alaska. respectively, at 1200 n.m. There is evidence
Hydrophones suspended at depths of 300, that this is due to use of too high a value for
2500 and 10,800 ft from FLIP at a point 350 attenuation per mile.
miles north of Kaneohe (Oahu) were the prim- (C) Measured and computed convergence
cipal receivers. Looking north, the oceano- zoespcnsarewtiIor2ecn.
graphic properties were such that acoustic zone sopacing agrsee withi corv2rperceznt.
transmission was not bottom limited, and a (C Coptdlseatcnrgceze
rising sound channel improved the coupling peak4. are 0 to 10 dB less than measured losses
to shallow sources at long ranges. Looking at 100 Hz and 0 to 5 dB at the higher frequen-
south from FLIP, transmission was severely cies. These discrepancies might be corrected

bottom limited. Secondary receivers were the by making the limiting values of one of the
MILS hydrophones on the bottomn at a depth terms in the ray tracing program ("L", p. 13)
of 2070 ft on the slope off Kaneohe. Sound dependent on frequency.
sources were explosive shots detonated at 60 (C) Computed losses for the regions be-
and 500 feet, 1/3-mile apart along the track tween convergence zones are greater than
and, in a separate exercise, a continuous tone measured losses by as much as 18 dB at 100
projector ( 178 Hz) towed at 500 feet over the Hz to 55 dB at 400 Hz. The losses at these
entire 2000 mile track. The data were all re- ranges are strongly dependent on bottom re-
duced at sea and the final results have been flection loss and to some extent on leakage.
available for various uses since the end of The table of reflection losses used in the model
PARKA I in late September 1968. is based on published data; additional meas-

ured values from this and other experiments
Model Validation should serve to improve prediction capability.

(C) At ranges from about 600 n.m. to the Some provision may need to be made in the
end of the track at 1700 n.m. the agreement model to account for leakage paths.
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Acoustic Features Relevant to Oceanographic Program
System Design

(C) In addition to the generalvalidation of (U) The program of oceanographic meas-
(C) n aditon o te gnerl vlidtio of urements provided data in support of updating

the model, a number of important features

were found in the sound propagation charac- the FNWC propagation loss calculations. As
was intended, the density end scope of the
oceanographic data proved to be far greater

(C) 1. For the 60 ft source, reception was than current modelling procedure requires.
best at the 10,800 ft FLIP hydrophone. The data can serve, therefore, along with the

(C) 2. For the 500 ft source, reception associated acoustical results, as a useful data
was m .ore range dependnt: suReception att bank for future extension and improvement

was80 more rangdpendent Repual tion aretter of modelling. The ability to reduce and trans-

10,8atth500 ft hydrophone w qual to aborb ter mit such large quantities of data as fast as they
than at the 2500 ft hydrophone out to about weeaqidwswllemnttd.F Cs

500 m ad porerat te lngerranes.were acquired was well demonstrated. FNWC's
5(C0 nm and poorer at the longer ranges, predictions of sound v%,locity values agreed

(C) 3. Reception from the 60 ft source at well with those measured. In turn, the meas-
the 2500 ft hydrophone was 5 to 12 dB poorer urements with different systems aboard the
than from the 500 ft source. At the 10,800 ft different ships agreed well among themselves.
hydrophone also, reception from" the 500 ft The expendable bathythermographs, XBT's
source was poorer, by 0 to 10 dB. and AXBT's, proved to be very useful from

(C) 4. For very long ranges, reception at the standpoint of speed and convenience.
the Kaneohe hydrophone at 2070 ft was about However, as is well known, they do have

equal to that at the 2500 ft FLIP unit, because greater inaccuracies and greater failure rates
of good source coupling to the rising sound than the STD and velocimeter systems.

channel in northern waters. (U) The sound velocity profile in the deep
ocean, below 2500 m, was found to be very

(C) 5. For sources in the portion of the constant, both in time and in distance over the
track between Kaneohe and FLIP, reception PARKA I track. The mixed surface layer was
at both locations was severely bottom limited, well defined and was between 30 and 50 m
and very sensitive to hydrophone position and deep at both the northern and southern end
depth. (Plots showing these acoustic features regions of the track. In the center, it was thin
may be found in the Acoustic Summary, Figs. and variable nnd did not exist at all in small
63-79, pp. 55 to 70.) local areas.

(S) The acoustic results demonstrate that,
for a given combination of the environment Data Tapes
and the surveillance needs, there is an optimal
depth and position of receiver to minimize the (U) All of the acoustic and oceanographic
propagation loss. This, in turn, points up the data have been recorded on digital magnetic
desirability of structures for mounting surveil- tapes, copies of- which may be made available
lance system arrays which will allow complete to qualified users upon approval of the Deputy
freedom of choice of position, depth and oni- Assistant Oceanographer for Ocean Science,
entation in the ocean. Code 102-OS, Office of Naval Research.
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SECRET THE PARKA I EXPERIMENT

Introduction against propagation measurements to distances
greater than about 300 miles. Furthermore,

(S) The PARKA I Experiment is part of no propagation model was available to the
th;, Long Range Acoustic Propagation Project Navy that had been validated thoroughly to
(LRAPP). This project is part of Advanced any range. There were, however, several vari-
ASW Surveillance, budget category 6.3, Pro- ants of both ray and normal mode theory
gram Element 63701N, Project 2408, in models that might be able to do the job. Ac-
RDT&E, Advanced Development. The Project cordingly, a first responsibility of LRAPP was
Manager is J. B. Hersey, ONR, Deputy Assist- to establish an interim model for the prediction
ant Oceanographer for Ocean Science. of propagation loss and initiate a measure-

(S) The objective of the LRAP Project is ments program of validation and improvement.
to conduct an advanced development program (C) The first model was based on ray the-
in long range acoustic propagation to support ory; the total archival data bank on sound
current ASW detection systems (such as velocity in the ocean; ocean bathymetry from
SOSUS, JEZEBEL, DIFAR and moored sono- NAVOCEANO, ESSA, and other sources; bot-
buoys) and the systems of the 1970's. Specifi- tom loss data from the Marine Geophysical
cally, the major objectives of the program are Survey; and near-surface conditions based on
to establish the technical feasibility and oper- the forecasting procedures of the FNWC at
ational utility of: Monterey. FNWC completed a ray program

a. An environmental/acoustic model, which to cover ranges to 125 nautical miles, and,
can be used to reliably predict the per- through FIXWEX and various other measure-
formance of and assure the most advan- ment programs its validity was tested.
tageous location of both fixed and de- (S) The two to three thousand mile SOSUS
ployable sonar systems. detection ranges obtained over the past few

b. Appropriate facilities for the purpose of years immediately demanded a suitable predic-
collection, storage, analysis and dissemi- tion model usable over the same distance.
nation of acoustic and oceanographic Simultaneous acoustic structure and propaga-
data and predictions relating to the per- tion loss data were required over a comparable
formance of fixed and deployable sonar range and the range should include as diverse
systems. a set of environmental conditions as practical.

(S) The end objectives are validated tech- For this purpose, a north-south line from Oahu
nological options for systems, techniqucs, sur- to the Alaska Peninsula was chosen, and a de-
vey procedures, and facilities to provide sub- tailed program of measurements called the
stantial improvements in determining the PARKA Experiment was planned and per-
performance of long-range active and passive formed during FY 1968 and 1969 under the
sonar systems. direction of R. H. Nichols of Bell Telephone

Laboratories as Chief Scientist and R. W. Hasse
of Navy Underwater Sound Laboratory as

The Objective of PARKA I Deputy Chief Scientist.
(S) PARKA is an acronym for Pacific

(C) When LRAPP was first established, no Acoustics Research Kaneohe Alaska. In addi-
acoustic propagation model had been tested tion to the environmental considerations, this

SECRET
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area is known to be a holding area for Soviet tion loss along the identical track. Ashore,
submarines, and, hence, is of special interest propagation loss along the track was computed
for us to know well. The original PARKA from the environmental data inputs, and its
Experiment has been completed, but, in the accuracy evaluated by comparing it directly
process, other experiments have been planned. with the real measured acoustic propagation
Hence, this first one has become known as loss. Figure 1 indicates schematically the na-
PARKA I. ture of the experiment.

(S) The primary objective of the PARKA I
Experiment was to test and improve the acous-
tic prediction model for surveillance systems. EXPERIMENT

PARKA I was devoted almost exclusively to
this objective. Thus, the approach employed 

RHA
in the PARKA I Experiment was to compare ACUTC EVRNETLENVIRONMENTAL

IMEASUREMENTS MEASUREMENTS DATA
measured propagation loss with propagation
loss computed by means of the model based
on two sets of data: first, forecasts of thePRAGTO
sound velocity structure (_f the water and on OE

bottom topography from previous surveys, and
second, measurements of near-surface and PROPAGATION PROPAGATION ~
deep-water structure, and bottom topography W
made during the acoustic tests. The acoustic
measurements of propagation loss and the - COMPAWN-----I

oceanographic measurements on which com- Fg iga feprmn U
puted values of propagation loss were based Fg iga feprmn U
were made simultaneously along the same path
to maximize the interrelationship.

(C) It was desired that the track should not
only provide conditions of specific interest to

The PARKA I Experiment Plan present and future systems, but also provide a
wide variety of environmental conditions so as

(C) The, PARKA I exp~riment was designed to make the test if the model a severe one.
to test the ability to predict propagation loss One matter of particular interest is the propa-
from oceanographic and environmental data gation over long ranges (i.e., 2000 n.m.) from
by use of an acoustic ray theory model. The high northern latitudes to semi-tropical waters.
experiment consisted of two parallel parts: This path is characterized by a deepening sound
one, a set of simultaneous acoustical and channel axis in going from north to south.

oceanographic measurements at sea, and the Another matter of particular interest Is the
other, a set of calculations ashore based on the effect produced by propagation through oce-
model. At sea, the experiment comprised the anic fronts or water-mass boundary regions
collection of extensive oceanographic data with high temperature and/or salinity gradi-
along a specific track across the ocean and the ents. Such regions in themselves place stress
concurrent measurement of acoustic propaga- on the modeling techniques. It was decided to

SECRET 2
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Fig. 2 PARKA track and its acoustic environment (U)

provide additional stress as well as greater gen- Organization and Personnel
erality by choosing a track and receiver site
for the -xperimental acoustic measurements (U) The PARKA I experiment was planned
which would permit study of both bottom- and carried out by the cooperative efforts of
limited and non-bottom-limited types of personnel from sixteen civilian and military
propagation. laboratories and agencies. Overall direction

(U) These environmental features are all and coordination of the project were in the
to be found along the PARKA I track; they hands of:
are described in broad outline in Section IV
on the calculation of propagation loss, and in Director: J. B. Hersey, Deputy Asst. Oceanog-

detail in the Appendices of Volume 11. rapher for Ocean Science

(U) By suspending receivers at 27°30'N on Chief Scientist: R. H. Nichols, Bell Telephone
this track, which is at a point about 330 n.m. Laboratories
north of Kaneohe (Fig. 2), it is possible to
have bottom-limited propagation conditions Deputy Chief Scientist: R. W. Hasse, U.S.

looking south from the receivers, and non- Navy Underwater Sound Lab.

bottom-limited conditions looking north from Project Coordinator: G. H. Fisher, Hudson
the receivers. Laboratories.

3 SECRET
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The Principal Scientists in charge of the activi- (U) Senior Scientists on board ships and
ties of individual organizations were: aircraft during the experimental operations

were:
Marine Physical Laboratory

F. N. Spiess R/V TERITU
USN Underwater Sound Laboratory R. Budd

R. L. Martin R/V MIKIMIKI (Phases 1, 11 and III)
W. R. Schumacher R. C. Latham

,41.A/'ont-4/erhee togic*/Observatory" 9/V MIKIMIKI (Phase III for NRL)
J. I. Ewing F. F. Horner

Hawaii Institute of Geophysics USS REXBURG and USS MARYSVILLE
G. P. Woollard (Phase 0)
R. C. Latham E. L. Smith

Undersea Surveillance Oceanographic Cen- USS MARYSVILLE (Phases I and II)
ter, Naval Oceanographic Office T. L. Whalen

W. B. Randlett R/V CONRAD (Phases I, II and III)
K. W. Lackie J. I. Ewing

Woods Hole Oceanographic Institution R/V CONRAD (Phase II, for NRL)
E. E. Hays C. W. Searfoss
T. L. Whalen R/V FLIP

Scripps Institution of Oceanography W. R. Whitney
R. W. Schwartzlose USNS SANDS

Navy Undersea Warfare Center (San Diego) R. L. Martin
E. L. Smith M/V PACIFIC APOLLO

Naval Research Laboratory E. Squier
J. C. Munson USS RADFORD
H. L. Peterson J. McElroy
A. T. McClinton ASWEPS Aircraft

Bell Telephone Laboratories C. F. Beckner
G. R. Fox

Fleet Numerical Weather Central In addition to the Principal Scientists and
Capt. P. M. Wolff Senior Scientists, others who made special con-
Lt. N. L. Perkins tributions to the experiment were:

Fleet Weather Central (Pearl Harbor)
Capt. W. E. Hubert Hawaii Institute of Geophysics
Lt. Cdr. V. Buschmann N. J. Thompson

Anti-Submarine Warfare Forces, Pacific Pacific Missile'Raitge, Kaneohe
Capt. R. H. Smith L.R. Fairbanks
Lt. E. E. Flesher R. Lunderyille

Naval Undersea Research and Development
Lt. Flesher was Officer Conducting the Exer- Center
cise (OCE) for the field operations. K. W. Nelson

SECRET 4
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Bell Telephone Laboratories puts during the experiment, to insure compar-
Miss H. M. Walkinshaw able results.
H. J. Young (C) The acoustic signals were generated by

Fleet Numerical Weather Central three types of underwater impulse sources fired
LCDR G. M. Griswold at regular intervals, (a) the Lamont-Doherty

Fleet Numerical Weather Central Geological Observatory (LDGO) towed airgun,
LCDR P. R. Tatro (b) 3-lb fused TNT charges, (c) MK 59 pressure

Fleet Numerical Weather Central detonatect explosive charges, and by one type
LT T. J. McCloskey of high-power towed CW source at 178 Hz.

CONRAD handled impulse sources only, start-

Experimental Proceduret ihig at 220 N and proceeding to 55*N. After

that run was completed RADFORD towed the
(C) The primary set of five receivers for CW source over the same path, also dropping

PARKA I was suspended on a vertical cable charges n t regular 10-mile intervals.
from FLIP: one hydrophone at 300 feet
depth, a group of three at about 2500 feet (C) In order to obtain concurrent measure-

(with a spacing of 46 feet between the first ments of sound velocity as a function of depth

two and 184 feet between the second and in the water through which the sound was be-

third), and a fifth unit at a depth of 10,800 ing transmitted, oceanographic data designed

feet. The individual hydrophone outputs were to provide sound velocity profiles were taken

multiplexed up the cable to FLIP, and were along the track by three ships and an aircraft,

thence sent by radio telemetry to SANDS for in addition to data taken by the source ship

on-line real-time processing, analysis, and and receiving ships. One oceanographic ship

print-out of propagation loss vs. range plots. (PACIFIC APOLLO or MARYSVILLE) took
FLIP was tethered to SANDS by a one-mile deep oceanographic casts to the bottom twice
nylon cable, and SANDS was moored to keep a day, at positions about halfway between the
FLIP from drifting unduly. source and the receiver (maintaining an aver-

(C) Secondary acoustic receivers were the age SQA about half that of the source ship).

two Pacific Missile Range (PMR) Kaneohe Hy- Another ship (MIKIMIKI) took stations abouthalfwaycbetweenstheesource ship)andntheewate
drophones located on the bottom at 21 '47'N, halfway between the source ship and the water

157'50'W at a depth of 2070 feet. Their out- mass boundary at 43'N after the source ship

puts came ashore directly by cable to the PMR had passed the boundary on its way north. A

Facility Kaneohe, which was Operation Con- third ship (TERITU) made measurements

trol Center for the PARKA I experiment. The along the part of the track south of FLIP.

output signals were passed through suitable (C) This combination of ships insured that
bandpass filters and recorded on both a graphic the conditions on each side of one of the prin-
level recorder, for on-line visual monitoring, cipal water mass boundaries were under obser-
and on a magnetic tape recorder. The mag- vation; meanwhile, a fourth ship, REXBURG,
netic tape was processed post-exercise on the patrolled back and forth through the boundary
identical equipment used on SANDS for the region, from 410 to 45*N with a towed therm-
on-line processing of FLIP hydrophone out- istor chain to maintain surveillance of the

5 SECRET-

U'



THE PARKA I EXPERIMENT SECRET

velocity structure in that region (the sub-arctic Field Operations
front). In addition, comprehensive oceano-
graphic data down to 500 m depth were re- (C) The PARKA I experiment comprised
ported every 6 hrs from the Scripps-Convair four phases, as follows:
Monster Buoy, which was moored on the PHASE 0: 1 January to 15 August
track at 430N, near the center of the same Oceanographic measurements only, along
water mass boundary region. the entire PARKA track

PHASE 1: 15 August to 14 Augfst(U) Aircraft (frol'n "'r1frAir Wing Two) Acoustic measurements with impulse

made AXBT drops at 25-mile spacing along sourc (aguneando ch anducon
source (air gun and/or charges) and con-

the track on alternate days. This type of meas- current oceanographic measurements
urement yielded what was essentially a snap- from ships and aircraft.
shot of the velocity structure at a given time PHASE 2: 27 August to 5 September
down to a depth of 1000 feet over the entire Acoustic measurements with CW source
acoustic propagation path. These data were and concurrent oceanographic measure-
digitized at Fleet Weather Central (FWC) at ments from ships and aircraft.
Pearl Harbor and transmitted by cable to PHASE 3: 5 September to 22 September
FNWC at Monterey after each aircraft run. Acoustic measurements only: (a) Meas-
Two runs were also made over the track by a urements of bottom reflectivity vs. angle
Naval Oceanographic Office airplane equipped vs. frequency at 3 characteristic areas
with an airborne radiation thermometer (ART) along the PARKA track; (b) Long base-
to measure surface temperatures. line coherence measurements at PMR

(U) Oceanographic data at regular six-hour hydrophones at Midway, Kaneohe, and

intervals wet," sent by radio from the oceano- Pt. Sur, using pseudo-random noise sig-

graphic shps at sea to FWC via a military nals from the CW source at 5 points along

channel or via the PARKA civilian channel as the PARKA track.
appropriate to the individual ship. At FWC The operations in each Phase were as
the data were inspected, coded and transmitted follows:
by cable to FNWC. FNWC then used all the
incoming data as appropriate to update their Phase 0: 1 January to 15 August
information for' computing values of propaga- (U) TERITU made three bathymetric pro-
tion loss vs. range, for comparison with the files from 22°N to 30*N. Single vertical sound
measured results from FLIP/SANDS immedi- velocity profiles were measured at 20 n.m.
ately after the experiment. intervals along the same tracks. CONRAD

transitted the PARKA I track from 55ON to
(U) Detailed descriptions of the instrumen- 22*N, taking STD readings from the surface to

tation and the signal processing, and analysis the bottom at 100 n.m. intervals and taking
procedures will be found in the individual re- continuous seismic and bathymetric profiles.
ports of the activities of participating organi- MARYSVILLE towed the 800-foot thermistor
zations, which make up Volume II of this chain over the entire PARKA I track from
report. north to south.

SECRET 6
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SECRET THE PARKA I EXPERIMENT

Phase 1: 15 August to 24 August graphic recorder charts. The broad-band tapes
from Kaneohe were analyzed aboard SANDS

(C) CONRAD proceeded at 10 knots from during her homeward-bound journey. Meth-
22 0N to 55 0N along the track. It had been ods and instrumentation were identical to

planned to tow the air-gun all the way at 60 ft os eld ins t hen on-line anaisao th

depths. However, the sound level was found tLoP data.

to be insufficient in the frequency bands em- (U) Oanmt
ployed and so the run was made dropping 3-1b (U Ocaorpi meseensweployd ad s th ru wa mae doppng -lb made concorrently during Phase I by PACIFIC
TNT charges once every two minutes, at 60 ft APOLLO Phase IKMy TARITU

and 500 ft alternately, except for a 5-minute And byA BURPA aircraft:

silent period once every hour to permit meas- ACIFIC APOLLO: ato

urement of ambient noise. Signals received Imee AstsLto toom tie aud at

by FLIP were radio-telemetered to SANDS.

Abroad SANDS, the impulse signals from each stations approximately halfway between

hydrophone were filtered into the following the source ship CONRAD and the listen-

frequency bands: ing ships FLIP/SANDS, about every 60
miles.

Bandwidth Center REXBURG: towed the thermistor chain
back and forth along the track between

1 octave 31 Hz 41*N and 45*N to maintain running

1/3 octave 100 oceanographic surveillance of the thermal

200 front region.

400 MIKIMIKI: took deep velocimeter casts to
the bottom from south to north at sta-

The output of each hydrophone in each filter tions along the track, departing a few
band was squared and integrated, and the re- days before the start of PHASE I so as to
sulting propagation loss values, (the "total be overtaken by CONRAD at about 43*N.
energy" received, corrected by the calibration From there northward she took velocim-
of the source at I yd) were plotted vs. range eter stations twice a day at points about
for each impulse. halfway between 430 N and CONRAD, at

(C) The output of the Kaneohe PMR hy- intervals of about 60 miles, until the end
drophone No. 14 was filtered in bands: of Phase 1.

TERITU: made deep STD casts to the
(a) 1 octave wide centered at 40 Hz bottom along the track from 22*N to
(b) 1/3 octave wide centered at 100 Hz 300N.
(c) 1/3 octave wide centered at 400 Hz ALL SHIPS: made 2500-foot XBT drops
(d) Broad-band every 6 hours.

(C) Hydrophone No. 16 was operated ASWFORPAC AIRCRAFT: made AXBT
broad-band only. The outputs of both hydro- drops along the track at 25 mile intervals
phones were recorded on the graphic recorder on alternate days. The first two runs
and the magnetic tape recorder. On-line moni- were from 22°N to 43°N. The remainder
toring of propagation loss vs. range was done were over the whole track from 22°N to
by means of peak received levels read from the 550 N.

7 SECRET
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SCRIPPS-CONVAIR MONSTER BUOY: liminary long baseline correlation measure-
meteorological data and oceanographic ments. Some breaks occurred in the schedule,
data were reported every 6 hours by radio as indicated in the narrative log of the experi-
telemetry to SIO and thence by radio to ment (Appendix A). The acoustic receiving
FNWC. The sub-surface data included systems for the projector signals employed a
current, temperature, pressure and con- bandpass filter 1 Hz wide at the signal fre-
ductivities at points from the surface quency.
down to 500 m, but not-all quantities at (U) During this phase, ceanographic meas-
all depths. urements were made from MARYSVILLE,

which took stations about halfway between

Phase 2: 27 August to 5 September RADFORD and FLIP and from MIKIMIKI,

(C) The pattern of operations in this phase which took stations halfway between RAD-(C)Thepater ofopratonsinthi phse FORD and 430 N on the northern end of the
was similar to that of PHASE 1, except for the tRack AW RP ar fle the trc

acoustic signals used and the ships employed. tr nate as ain PAe 1, fro ck

RADFORD towed a 178 Hz CW sine-wave o lent asa nPAE1 rm2*
RADFRD oweda 18 HzCW ine-ave to 43°N the first two times, and then over the

source at 10 knots at 500 feet depth from wo takf the rest of the r ta
22*Nto 5*N longthetrac. Te sorce whole track for the rest of the runs. Data220 N to 55°N along the track. The source

had a capability of radiating 1000 watts of from the Scripps-Convair buoy were transmit-

acoustic power in the water (102 dbpb at ted regularly as in PHASE 1.

1 yd). The level was held constant at that (U) REXBURG continued her thermistor-

value throughout the run. Fused TNT charges chain patrol of the 41°-45°N segment of the

of 3 lbs were also dropped at 60' and 500 track as long as fuel permitted, and then re-of 3lbswer als drppe at 0' nd 00' turned to Pearl Harbor, towing the chain from

depths at regular 10-mile intervals to provide 32°N to 26P20'N on the way.

acoustic path structure information. In addi-

tion, MK 59 SUS charges were detonated at
the sound-channel-axis at 10-mile intervals for
purposes of acoustic attenuation measure- (C) Upon completion of PHASE 2, RAD-
ments. The acoustic schedule for PHASE 2 FORD, CONRAD, and MIKIMIKI proceeded
was based on a repeated hourly cycle, as to Kodiak to rendezvousin preparation for the
follows: two parts of PHASE 3, (a) bottom reflectivity

measurements, and (b) long baseline coherence
45 minutes CW projector on measurements.

5 minutes CW projector off, to allow
ambient noise measurement a. Bottom reflectivity measurements

5 minutes - one 60' and one 500' (C) MIKIMIKI acted as the source ship,
charge and CONRAD as the receiving ship. CONRAD

5 minutes - two MK 59 SUS charges took stations successively at three locations

The cycle was repeated continuously along the along the track:

track except for a 5-minute period at noon 52 030'N 157050'W
and at midnight each day during which pseudo- 45045'N 1570 50'W
random noise signals were transmitted for pre- 24 0 30'N 157050'W

SECRET 8
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At each station she suspended two hydro- nal (PRN) of about 15 Hz bandwidth, centered
phones, one at a depth of 500 ft a•id the other at 178 Hz. The cycle interval of the PRN was
at 1000 ft. MIKIMIKI dropped explosive such that the line components within the band
charges at a depth of 1000 ft, starting at a were about 0.83 Hz apart. RADFORD oper-
point 1000 yards or less from CONRAD and ated at each of four stations:
proceeding away along the track to a range of 45°0N 3 .J 57 0°Q, CJ Sept#iubu= -
30 n.m. The charges were spaced to give ino 35o00 N 1570 50'W (13 September)
crements in grazing angle of approximately 20. 3s 0 00N 157 0 50'W (15 September)

The bottom-reflected explosive signals were 27*00'N 157050'W (15 September)

recorded aboard CONRAD for later analysis.

These will be analyzed to determine reflectiv- At each station the sourrce was operated 2
ity in 1/3 octave frequency bands from 50 Hz hours with the ship held stationary, and 7.
to 5 kHz for grazing angles at the bottom rang- hours under tow at 10 knots on ten different
ing from nearly 900 to about 0.50. These will headings to introduce Doppler shifts. The
be reported at a later date. acoustic signals were received and recorded on

magnetic tape at three locations: Pacific Mis-b. Long baseline correlation measurements eRne(M)KeoPRMiwyadsile Range (PMR) Kaneohe, PMR Midway, and

(C) For the long baseline correlation meas- the U.S. Naval Facility at Pt. Sur, California,
urements, the 178 Hz sound source was oper- for post-exercise analysis. The results from
ated at a depth of 500 ft from RADFORD. It these experiments will be reported at a later
was energized with a pseudo-random noise sig- date.

SECRET 9
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Introduction profile of sound velocity in the water and a
profile of the bottom, both in the vertical

(U) Estimates of propagation loss in under- plane of propagation from source to receiver.
water acoustics have generally been made by No other use is made of density variationsý in
assuming that propagation could be described the water, and, at the bottom, sound is as-
in a vertical plane and by assuming the ocean sumned to reflect as though the bottom were
to be a layered space in which the sound veloc- an infinite plane inclined onl'V it? thl'pline oA
ity gradient and density are imagined to be propagation at the local angle of slope. Re-
constant everywhere on any given line normal flection loss is treated empirically, the loss
to that plane. Both vertical and horizontal being dependent on the grazing angle and fre-
changes in velocity and density are then de- quency in accordance with the graphs of Fig. 3,
scribed in the required detail. Since 1945, the by interpolation. These are based on an anal-
favorite propagation models of a host of inves- ysis by FNWC of the Marine Geophysical Sur-
tigators have been based on elaborations and vey (MGS) data of the Naval Oceanographic
extensions of ray theory or normal mode the- Office. The selection of bottom class is based
ory. Up to the present, ray theory has been on estimates of bottom roughness from echo
more readily applicable to problems in which soundings. The method of estimating rough-
arbitrary spatial variations in sound velocity or ness has not been suitably quantified at this
density structure of the medium must be taken writing nor is the relationship understood. At
into account. Low frequency sound propaga- present, the choice is based in part on trial and
tion over hundreds of miles of deep ocean fits error. Initial estimates of roughness for the
into this category, and ray theory has been PARKA track are given in the section describ-
used almost exclusively thus far in developing ing geological and geophysical results. Since
the long range propagation model. The excep.- this axperiment is intended, in part, to provide
tions are propagation in the surface mixed data for extending the model, the structure of
layer, or in shallow water, where normal mode the sea floor has been measured by seismic
theory has been widely employed, reflection, and bottom samples and photo-

(U) In the present report, the calculations graphs have been taken. In the present calcu-4
of propagation loss are based on the particu- lations of propagation loss, however, only the
lar combined ray and normal mode digital- profile provided by echo sounding has been
computer program developed at FNWC during used.

the astthre yers.It houd beremmbeed, (U) The velocity profile or structure of the
thoevpast three years. Itogshould baedo remembred, water along the PARKA track has been pro-
how everptha t thisiprogram is g based onrsarch vided by an intensive measurements program

yasand, deeopmen acivmeiatey, going bckren many whose complexity has already been indicated
yeogars and more imedatey an ontrcuret lbR&D in the sectioni on experimental procedures.

progamsin oth avyandcontactlabra- The results of these measurements have been
tories. Without this previous research, the used to construct velocity profiles for calcu-
development activities reported here would lating propagation loss during Phase I and
have been impossible. Phase 2 as though the structure remained fixed

(C) 'The FNWC model, described in broad during each phase, but was allowed to change
outline below, is designed to employ a vertical between the two phases.

SECRET 10
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Fig. 3 - Bottom reflection loss vs grazing angle for a class 3 bottom (C)
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Propagation Loss Model precision of 1 part in 106 in the horizontal
and I part in 1 04 in the vertical at a range of

(U) The FNWC long range model was used 1000 miles. For PARKA, rays were computed
to calculate propagation loss for comparison from the receiver as though it were the source.
with the PARKA I measured acoustic data. This makes computation simpler, and the nec-
The ray theory portion of this model, for pur- essary assumption of reciprocity in thernediu ,.._..,

poses of description, may be divided inM' two toes not'pr~lduce *app'reciable errors in esti-
phases: (1) ray tracing, and (2) propagation mated propagation loss.
loss. (C) The initial ray bundle used for calcula-

tion wes from +900 to -W0 in quarter-degree

Ray Tracing increments. These initial calculations were
used to identify critical areas; in these areas

(U) Input data consist of temperature and a ray spacing of 1/100 degree was utilized.
salinity profiles or sound velocity profiles, bot- Additional critical areas were defined, and suc-
tom profile, and bottom loss classes. cessively more rays added, until a convergent

(U) Sound velocity is computed from tern- solution was obtained: i.e., until additional
perature and salinity profiles using Wilson's rays produced no further changes in the mag-
equation or taken from direct velocinieter nitude or detail of the computed propagation
measurements. Profiles are described as accu- loss.
rately in the vertical and spaced as closely in (C) Surface reflections are assumed to be
the horizontal as the data justify. A third- specular reflections from a horizontal, plane,
order vertical and linear horizontal interpola- perfectly-reflecting surface. Bottom reflec-
tion scheme is utilized to determine the veloc- tions are assumed to be; from a linearly-sloping
ity at points interior to the grid of data in the plane surface. Rays reflecting backward are
range-depth plane. The stability of the water terminated; other reflecting rays are continued

column at each profile is checked for quality dbo until theyr realachc aiumuae rang e.es 2
control of the input data. bounithyrahmxumage

(U) Bathymetric data are entered as closely- (C) Rays cycling in the surface duct are
spaced as data permits. All PARKA calcula- terminated after 200 n.m. of continuous travel
tions were based upon depth specifications at in the layer because of the high duct leakage
one mile intervals. Depths between specified losses associated with the low frequencies of
points are calculated by linear interpolation, interest to PARKA (below 400 Hz).
At each interaction of a ray witth the bottom, (C) Output data include initial angle, range,
the slope angle is sensed and the angle of re- depth, local angle, travel time, path length,
flection is modified accordingly. A bottom geometric spreading in the range-depth plane,
reflectivity class is specified which keys a table and accumulated bottom loss. Output data
containing bottom loss per reflection as a func- are recorded on magnetic tape for each of the
tion of frequency and angle of incidence, following events:

(U) The ray trace program is a numerical (a) initial point
integration of the Eikonal equation, incorpo- (b) each crossing of a depth of interest
rating an earth curvature correction, with a (c) surface reflection

SECRET 12
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(d) bottom contact N -BOTLOS = the accumulated bottom loss
(e) minimum depth turn as a function of roughness,
(f) maximum depth turn frequency, and grazing angle.
(g) maximum range

PropaationLoss(U) The attenuation coefficient, a, is calcu-
PropaationLosslated according to the semi-empirical expres-

(C roaaio os scaclts~*ion repotted'b)Thrp (196'7f) 0 .00 WVN
(C)Prpagtin lssis alulaedin the (U) L is the ratio of the perpendicular dis-

computer by summing the intensities over all tance between two adjacent rays with the same
existing paths to each range interval. Inter- history at range R, determined from ray trac-
polation in range is r,:~ade only betweeii rays ing, to the perpendicular distance between the
with the same history. Where a surface duct same two rays at a range of one yard. As two
exists a normal mode solution is used in com- RSR or RRR rays approach an intersection,
puting propagation loss for this mode of prop- L is allowed to decrease only to a value of
agation. A ray trace approach was employed R/ 100 but never less than 250. This lower
in determining propagation loss for the follow- bound was determined empirically from a
ing paths: study of the available literature on the inten-

(a) convergence zone paths, RSR and RRR sity of convergence zones. For bottom bounce
(b) bottom bounce paths rays, L has a lower bound of R/ 10 or 250.
(c) paths with mixed histories This lower bound is rarely needed, since the

For all paths other than the surface duct, loss L/R ratio for bottom bounce rays is seldom
along each ray within a class is determined much less than one.
from the formula: (U) Propagation loss within the surface

duct is calculated from an empirical analytic
Loss = 10 log R + 10 log L + R expression whose results closely approximate

a normal mode solution.
+ N -BOTLOS (db) (U) The output of the model is propaga-

where tion loss as a function of range in either digital

10 log R = the cylindrical spreading loss or plotted format.

assumed to occur in the hori-
zontal plane Construction of the Sound

10 log L = the geometric spreading loss Velocity Profiles

in te rage-dpth lane(U) One of the objectives of the experi-
aR= the attenuation loss which is ment was to forecast the velocity structure

due to the combined effects prior to the measurements and to use the
of scattering and absorp- FNWC model just described to predict the
tion* propagation loss based on the forecast. The

*J. W. Horton, Fundamentals of Sonar, p. 75, United States forecast was made several weeks prior to
Naval Institute, Annapolis, Maryland, 1957. (NAYSHIPS Phase 1 and is discussed later in this section.
92719) It proved impractical during the experiment
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to make full acoustical predictions because the properties, and the general features of the
model was by then only partially converted effect of the sea floor. Volume 2 contains the
from a 125-n.m. program to one for 2000-n.m. detailed data on which the description of the
The conversion was completed in October. It sound velocity structure and the topography
has been used without alteration since that and reflectivity of the sea floor are based. The
time for the calculations of propagation loss current FNWC propagation loss model uses
discussed in this report. these data.

(U) Volume 2 also contains a detailed dis-

The Sound Velocity Structure cussion of observations of weather conditions,
sea state, sea surface temperature and exten-

General sive geophysical examination of subseafloor
properties made during PARKA 1. These prop-

(U) Until recently, sound velocity in the erties of the medium do affect sound propaga-
ocean has been determined indirectly through tion, and it is important to have observed and
the measurement of salinity and temperature. analyzed them so that their influence can be
Profiles along a ship's track in the ocean have properly evaluated in future improvements to
been constructed by measuring a series of sin- long range propagation models.
gle vertical profiles along the track, usually
separated by several miles to tens of miles. At The Oceanic Environment
present, continuous sampling in depth is pos-
sible by means of salinity-temperature-depth (U) The waters of the North Pacific bt;-
(STD) sensors or sound velocimeters. Bathy- tween the Hawaiian Islands and Alaska below
thermographs have long provided continuous a depth of 2500 to 3000 meters vary little in
temperature-depth information from which temperature or salinity and are probably a re-
velocity-depth information can be computed gion of slow currents, 0.3 knot or less. Coin-
if the salinity-temperature correlation is accu- pared with water at shallower depths, little is
rately known. Their usefulness is well- known of them except these characteristics.
established even though they cannot be relied At the shallower depths there are three water
upon for refined measurements either of temn- masses: Subarctic Pacific, North Pacific Cen-
perature or sound velocity. All of these tech- tral, and North Pacific Equatorial. The Sub-
niques have been employed in PARKA I as arctic Pacific water mass lies generally north
indicated under the sections on experimental of 45*N Waitude and is characterized by cold

proceuresand oeratons.water having a salinity of 33 */ or less at the
procedu es arnd ia op er ation s. o h ae surface increasing to about 34.65 O/.. at the

(U)se thet ponrinipl feaurdeslofithe warutuer bottom (Sverdrup, et al., 1942). A region of

massbeescie tha coterol soun vemeloiysructurean transition exists between the southern bound-
willbe escibe interm oftemeraureand ary of the Subarctic Pacific and the northern

salinity. This description will be followed by boundary of the North Pacific Central water
an abbreviated description of the environmen- masses. A region of transition between water
tal data taken during PARKA I and a discus- masses of unlike properties can be termed a
sion of the same features in acoustical terms front (Uda, 1943). The North Pacific Central
of sound velocity, sound channels and their water mass is warm and has a salinity of 35 0
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or more. The North Pacific Equatorial water is 2. North Pacific Central Water mass.
also warm but has a salinity of 34 0/. or less 3. Transition water between North Pacific
(Sekel, 1962). In the summer months, the Central and Subarctic Pacific water
northern boundary of Equatorial water occasion- masses.
ally nearly reaches the Hawaiian Islands. During 4. Subarctic Pacific water mass.
these periods the ocean around the islands be- (U) A bibliography of scientific discussion
comes a transition region. of this portion of the North Pacific Ocean is

(U) The temperature structure of these given at the end, of this chapter.
water masses was observed repeatedly during
PARKA 1. Figure 4 is an example of two dif-
ferent observational methods employed, theOcaorpiReut
aircraft-dropped AXBT's (4A) and the therm- Oengahc eut
istor chain towed by MARYSVILLE and (U) As previously pointed out, oceano-
REXBURG (4B). The subarctic water mass is graphic data were collected at regular intervals
evident north of 45*N. The North Pacific Cen- drn ahdyo h xeieta eea
tral water extends from roughly 38"N south- keyin locations:f the acousticmoret atsevere-

ward to 28'N where pronounced temperature ceyvr andcatione: tohre pcousintsouinebetweren.

and salinity gradients exist which apparently ceivery ship in the tthexerpimntws engagtwedn.

mark the northern boundary of the transition ther colecio n ofe enveiromentwal dnata, incld

to the Equatorial water mass. igthe folcinour primariyocupednwthl dacutaincalud

(U) Sverdrup, et al. (1942) distinguished mnteasourements.rThe othuper fivethip devouteda

Eastern North Pacific Central water from West- fullutimento. The ollectionvofsoceanographi

ern North Pacific Central water. Winter data fl iet h olcino caorpi

(November to February) show only a single data. These data comprise measurements of,

hig sainiy cll cros te nrthrnportion sound velocity or of temperature and salinity

of the Pacific and give no evidence of a sepa- ax ucios of dethe permane ntson channbeloan toe

rate Eastern cell (McGary, 1956). However, ai ftepraetsudcanladt

summer surface salinity data (April to August) the deep ocean bottom in many cases. All

show two high salinity cells in the northern ships took expendable bathythermograph
prinof the area. This is explained as a sep- (XBT) readings of temperature vs. depth to

poration othsigewnecelcuebyhe 2500 ft every six hours. Deep data were taken

deflecting effect of the Hawaiian Island chain by five of the ships at intervals ranging from

on a westward setting current (Seckel, 1962). six to twenty-fou~r hours. Sampling at a higher

(U) In summary, proceeding from the rate to observe more rapid variations in the

Hawaiian Islands north to the Aleutian Islands near-surface structure was accomplished by

during the summer months (June-August), the having aircraft drop aircraft expendable bathy-

following water types and masses will be en- thermographs (AXBT's) at 25-mile spacings

countered in sequence: along the acoustic path on alternate days.
Another aircraft made two continuous record-

1. Occasionally, transition water between ings of sea-~surface temperatures along the
North Pacific Equatorial and North Pa- whole PARKA track, one on 22-23 August and
cific Ceaitral Water masses. the other on 28-29 August. Thus, the most
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complete picture possible of the oceano- (U) A Scripps-Convair Monster Buoy
graphic conditions existing in the area was moored at 43*N on the track provided tern-
sought, with the emphasis on describing this perature data from the upper 500 m of water /
picture most thoroughly during the actual in the thermal boundary region, transmitting
period when acoustic energy was being propa- it to FNWC four times a day. Details of its
gated along the PARKA I track, instrumentation are given in Appendix F.

(U) A total of about 500 AXBT's was (U) In designing the oceanographic sam-
dropped by aircraft in their nine runs along pling program, the intent wag to acquire much
the track. All ships combined dropped a total more information than was necessary for a
of nearly 600 XBT's along various portions of test of the propagation loss model as pro-
the track. A thermistor chain tow produced grammed at present. This was accomplished.
a continuous temperature profile to 220 me- For example, Fig. 5 shows the sound velocity
ters below the surface once along the entire vs. depth profiles along the entire track that
tr•'. and several other times over selected por- were collected during just one representative
tions of it. In addition there were 51 salinity- twenty-four hour period. An extensive bank
temperature-depth (STD) vertical proffles and of oceanographic data and associated acousti-
99 deep sound velocimeter vertical profiles cal data has thus been established, which can
taken during the PARKA I experiment. Con- be used for further model development. Some
tinuous bathymetry and frequent weather and representative samples of the environmental
sea state observations were also collected by data are included in this report. The total data
all ships equipped to do so. collection is stored on digital tape, as are all

(DEPTH (M) VS LATITUDE)

022 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54

100)

200

300

CONTOURED SOUND VELOCITY (M/SEC)
22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54

200*

200

Fig. 5 - Sound velocity profiles - 2-3 September 1968 (U)
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the acoustical measurements. Copies of these called for frequent 750-meter XBT drops from
tapes are available to qualified agencies upon the source ship, particularly in areas where
application to the Director, Maury Center, large changes of surface temperature were evi-
Code 102-OS, Office of Naval Research, Wash- dent. Although it would have been useful to
ington, D. C. 20360. have data deeper than 750 meters available at

the source location, stopping the source ship
The Sampling Program to collect it was not considered practicable. At

Phase 0 the other end of the track, the FLIP/SANDS
combination made several deep sound velocim-

(U)rPhaset0ions istred o ft allor P A te cb- eter measurements to the bottom, at their lo-servations carried out prior to the commence- cainnadtononueusBTrp.cation in addition to numerous XBT drops.
ment of acoustic transmissions, and was com- (U) During most of Phase 1, M/V PACIFIC
pleted by 5 August. R/V TERITU was the APOLLO collected deep velocimeter data and
largest contributor to Phase 0, completing a XBT's several times a day along the southern
series of STD stations to a depth of 1500 m
betwen of STDstatnd tNoncdeach mof 0nth half of the track, maintaining an average speedbetwen 2*Nand30*Nonc eah mnth of advance (SOA) of five knots. Since the
in May, June, and July. The July section is of advanc e a)of fv knots. S IC
shown in Fig. 6 and illustrates the upper water sOurc s eraged abou t 10 kaCcolumn structure south of the front at 280 N. APOLLO remained approximately half way

colun sructre outhof he fontat 2*N. between the source and the receiver.
The entire Phase 0 program of R/V TERITU bte the source dete receiver.
is discussed in Volume 2, Appendix B-10.(U R/MIMKIdpreHoluusv

(U dincu addition, dourin lAtpendix Jy ad eeral days before CONRAD, and collected one
(U) In addition, during late July and early deep velocimeter station and several XBT's

every day until she arrived at the water mass
south along the entire PARKA track towing boundary at 430N, where she was overtaken

the Naval Undersea Warfare Research and De- by CONRAD. MIKIMIKI's SOA was reduced
velopment Center (NURDC) thermistor chain, to five knots, providing time for several deep

recording a continuous temperature profile to stations a day in addition to XBT's. In this
a depth of 220 m (Fig. 7). Also during this manner MIKIMIKI remained about mid-
period, R/V CONRAD collected XBT and
vertical TD pONRofil andlalathetc and way between CONRAD and the water mass
vertical STD profiles and a bathymetric wl boundary.
seismic reflection profile along the track while (U) In addition, USS REXBURG towed
enroute to Hawaii from Alaska. The Phase 0 the NURDC thermistor chain along the track
information was used to determine where to from 370 to 45*N, then back to 41*N. This

position the environmental data ships during permitted a measurement of the position of
the experiment itself. A plot of the time and the water mass boundary located in this region.
location of each oceanographic data point in (U) Independent of other ship movements,
Phase 0 is shown in Fig. 8A. TERITU collected STD data to 1500 m

Phase I and XBT's between 220 and 30ON during part
of Phase 1.

(U) In order to obtain oceanographic infor- (U) Fig. 8B shows the time and location of

mation where it would be most useful, plans each oceanographic data point in Phase 1.
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24-28 JULY 1968 LONGITUDE 157S50'W
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Fig. 8 (Continued) - Time and location of oceanographic data points (U)

Phase 2 after repositioning FLIP prior to the com-

(U) During Phase 2 USS RADFORD acted mencement of Phase 2, but was able to collect

as source ship, and MARYSVILLE became the several deep vertical sound velocity profiles

environmental data collector along the south- between 220 and 30 0N.

ern half of the track. MARYSVILLE's sched- (U) During the first three days of Phase 2,
ule was similar to that of PACIFIC APOLLO REXBURG drifted to conserve fuel. Just be-

during Phase I - an average speed of five knots fore being reached by RADFORD, REXBURG

so that her position remained roughly halfway resumed towing the thermistor chain through

between RADFORD and the receiver. During the water mass boundary from 41 0 to 440 30'N,
the first half of Phase 2, MIKIMIKI steamed then back south to 43030'N. At this point,

southward and met RADFORD at about 43*N the thermistor chain was retrieved to allow

halfway through the Phase. During the second REXBURG to proceed south at greater speed

half of Phase 2, MIKIMIKI repeated her pat- to investigate local conditions nearer to FLIP/
tern of observations of Phase 1, taking stations SANDS. The thermistor chain tow was re-

at points halfway between the source ship and sumed from 32*N south yard to 24*N giving
the watermass boundary at 43*N. a good temperature profile to a depth of 220

meters in the region of the large horizontal

(U) CONRAD also collected local oceano- gradients previously found just north of FLIP/
graphic data along the northern half of the SANDS.
track and TERITU continued observations be- (U) All ships took XBT's every 6 hours.
tween 22*N and 30'N. PACIFIC APOLLO The times and locations of the oceanographic
had to return to Honolulu for minor repairs data points in Phase 2 are shown in Fig. 8C.
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Phase 3 Phase 0 with archival data, a predicted profile

(U) Phase 3 comprises programs of bot- was constructed by FNWC for Phase I. Also,
tom reflectivity and coherence measurements, based on an analysis of the data of Phases 1 I
They are to be reported separately, and 2, profiles were produced to represent

actual conditions during Phases I and 2. These
Data Quality and Reliability three sound velocity structures are shown in

(U) Appendix B-3 contains a review of the Fig. 9. It was not considered necessary to con-

steps taken to intercompare the quality of struct more than one profile for each phase

oceanographic measurements on the different even though some change in the structure had

ships. The aircraft-dropped AXBT results were taken place during each phase. These profiles
not compared in detail with other results. as introduced into the computer at FNWC are

They appear, however, to exhibit satisfying to be regarded as the oceanographic results of
internal consistency both within individual PARKA for use in testing the propagation
Profiles. Tests by FNWC prior to Phase 0 model. Columnar listings of the vertical pro-
suggest an uncertainty of about 0.20C in their files used to construct these contoured sec-
temperature recordings. The results from tions are given in Appendix B-1 1.
PARKA I are consistent with this estimate.
The XBT records, however, were more variable Geophysical Results
in quality, particularly at greater depths. This (U) The bathymetric profile along the
variability is discussed in Appendix B-3. The PARKA I track used in the calculations of
STD and sound velocimeter results have been propagation loss in this report is based on a
intercompared with great care. A depth meas- single echo-sounding profile made by CON-
urement problem was identified in two in- RAD. Her position was carefully controlled
stances where pressure sensors were employed, by means of Transit satellite navigation. Digi-
One could be corrected but the other was vari- tized soundings (one sounding per mile) were
able in some unknown pattern and could not prepared aboard CONRAD and furnished to
be corrected. Nevertheless, nearly all velocim- FNWC immediately after Phase 0. Bathym-
eter data appear to have been accurate to etry for the short length of track from the end
within 0.2 meters/sec for a given arbitrary of the CONRAD profile to the Kaneohe MILS
depth. hydrophone was taken from the detailed site

survey for that hydrophone. For detailed anal-
ysis of PARKA I results at short ranges, this

(U) As mentioned earlier, the results are profile is not adequate because of the lateral
discussed in some detail in the Appendices, and drifting of FLIP. A strip chart of topography
they are available to qualified users in complete of the sea floor (Appendix B-l 3) was prepared
detail by application to Code 102-OS, Office by combining all CONRAD PARKA I data, a
of Naval Research. Nevertheless, the construc- set of profiles collected by ESSA between
tion of a sound velocity profile along the Hawaii and Alaska for Project SEAMAP, and a
PARKA I track was the primary objective of detailed survey of an area just north of Oahu
the oceanographic measurements program. By completed by NAVOCEANO during the pre-
employing a combination of the results of vious year from R/V HUNT and USNS SILAS
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%n M o A & A. S s 2

PREDICTED

I
- one

PHASE 2

DEPTH (M) VS LATITUDE
Fig. 9 - PARKA I isovelocity contours (M/S) (U)

BENT. Topography within 20 miles of FLIP, bottom loss classes. This failure is part of our
was provided by a detailed survey carried out present lack of quantification of the relation-
by the Coast and Geodetic Survey and NAV- ship between bottom loss and shape as pro-

OCEANO in support of preparations for the vided by echo sounders. As a result, bottom
implantation of SEA SPIDER for PARKA II. loss classes 3 and 4 have been used in the long

(U) The general geological description and range calculations thus far. The results sug-
analysis of bottom loss of the PARKA I track gest that class 4 is too lossy. Continuing short

is given in Appendix B- 14. The three regimes range analysis suggests that either class 2 or
of bottom loss are postulated, but without class 3 is more appropriate within 125 miles
clear identification of the areas as to MGS of FLIP.

25 SECRET



CALCULATIONS OF PROPAGATION LOSS SECRET

Sound Velocity Along the of the track, where it intersected the conti-
PARKA I Track nental slope of the Alaska Peninsula at a depth

of about 1700 meters. Over the entire section /
(U) The principal characteristics of the of the track north of 270N only a very few

sound velocity structure of the water along the small topographic features extended 100 m or
PARKA I track are described here beginning less into the deep sound channel.
with the deepest water (where the structure is (U) Going upward toward the axis of the
least variable) and proceeding to the surface. channel at depths shallower than 2500 m
Figure 10 summarizes the entire acoustic struc- the sound velocity gradient is diminished be-
ture and identifies the axis and the bottom of cause of the gradually increasing temperature.
the sound channel as it was during August and This axis maintained a rather uniform depth
September 1968. of some 750 m northward from Hawaii to

(U) At depths greater than 2500 m sam- 3 1IN latitude, shoaled slightly in the vicinity
pled by the PARKA ships, the sound velocity of 36*N to 700 m, and again deepened to
was nearly constant both in time and geo- about 800 m at about 39*N. Beyond this
graphic location at a given depth. The meas- point the axis shoaled gradually to the north,
urements of CONRAD (STD) and PACIFIC reaching a depth of about 100 m in the
APOLLO (SV) from 25-N to 48'N show that vicinity of 49*N. The minimum sound veloc-
the sound velocity profile at depths below ity at the axis decreased from 1483 m/sec in
2500 m was independent of location to within the south to 1472 m/sec in the vicinity of
0.2 m/sec. The gradient is everywhere positive 45*N. At the northern terminus the minimum
with sound velocity increasing slowly with sound speed was 1470 m/sec, or slightly less.
depth from about 1497 m/sec at 2500 m to (U) The velocity structure above the axis
1523 m/sec at 4000 m. of the sound channel is portrayed as a series of

(U) The sound channel was limited by the vertical profiles in Fig. 11 and as a vertical sec-
sea floor south of FLIP where the bottom of tion of isopleths of sound velocity (isovels) in
the sound channel was at a depth of 4800 m. Fig. 12. These data are taken from velocimeter
North of 34*N the bottom of the sound measurements on MARYSVILLE during Phase
channel shoaled rapidly to the northern end 2 (see Appendix D of Volume 2) and from STD

LATITUDE
20 25 30 35 40 45 50 55

000 
XIS OF SOUND CHANNEL.

2000

"5 000

OFSUDCANNEL [-

6000

Fig. 10 - Acoustic environment along PARKA I track (U)
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data by MIKIMIKI, also in Phase 2. The data positive gradients occur mostly at the ends, up
were taken over several days and, hence, can- to 26*N and from 47'N to 55*N. The inter-
not be regarded as synoptic. Nevertheless, vening part is a mixture of types, suggesting
they are used here as though they portray that surface ducting would be difficult to pre-
the instantaneous sound structure along the dict except at the ends of the track.
PARKA I track. (U) The most prominent horizontal gradi-

(U) The sound velocity gradient increases ent is associated with the subarctic front at
somewhat irregularly from the axis of the 450N. However, the largest horizontal gradi-
channel to the base of the mixed layer for all ents of sound velocity are to be found in a
profiles south of 34*N (Fig. 11). Beginning short distance near 28*N and a second some-
with the profile at 34030'N the gradient in- what lesser gradient near 35 0N. Other lesser
creases above the axis for a few hundred me- gradients are evident in the region between
ters, then decreases over a variable depth 220 N and 28*N. They are discussed in detail
interval to a depth of about 100 mn where in Appendices B7, B8, and B 10 of Volume 2.
the gradient increases sharply to the base of At the surface the region of highest horizontal
the mixed layer. North of 370 30'N the gradi- gradient is the transition zone between 34*N
ent decreases to zero, reverses, and then re- and 450 N.
verses again before increasing to the base of
the mixed layer. Thus a secondary sound Sound Velocity Structure as Input
channel is formed having its axis at about to the Propagation Loss Model
100 mn. This sigmoid shape of the velocity vs.
depth curve persists northward from 370 30'N (U) The velocity structures illustrated in
to the northern part of the transition zone Fg.4 n Bwr sdfrcluaino
from 'the North Pacific Central water mass to Fiopgs4Aatind 4Bweesse for calcu I atio ofesec
the Subarctic water mass at 45"N. At this prpgainlosfoehselyad2r.pc
point the deep and shallow sound channels tvey
merge. North of 450N the axis of the sound
channel remains at depths of 50 to 100 mn. Calculated Propagation Loss
The axis does not rise to the surface because
there is a layer of mixed water from about 30 (C) At this writing, examples of the calcu-
to 60 mn thick everywhere north of 45'N. lated propagation loss are available from Phase

(U) The mixed layer is readily recognizable 1 (60 ft source, 100, 200, 400 Hz) and from
on the majority of recordings during PARKA I. Phase 2 (500 ft source, 178 Hz) for the 2500
For example see the 24-hour sampling of shai- ft and 10,800 ft receivers at FLIP and for the
low velocity structure shown in Fig. 5. The receiver at Kaneohe. These results are shown
layer is seen to be thickest (about 60 m) at the in Figs. 13 to 16. The most striking feature of
southern end of the PARKA I track, thins to all calculations is the variability evident in the
less than 10 m (in places, zero) near 34*N short range loss compared with that at long
and thickens again to 40 to 60 mn north of range. The sawtooth pattern evident at short
43*N. There are areas of positive, zero, and range in Figs. 13, 15, and 16 is a manifestation
negative gradient along the track, plus some of the familiar convergence zones, here spaced
areas where the gradient is confused. The about 30 miles apart. The large increases in
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loss between the zones at short range results Bibliography
from dependence on the comparatively ineffi-
cient bottom bounce propagation there. The (U) McGary, J. W. and E. D. Stroup, Mid-
convergence zones broaden with range and Pacific Oceanography, Part VIII, Middle Lati-
eventually fill these zones so that large in- tude Waters, January-March 1954, U.S. Fish
creases in loss are not predicted for ranges and Wildlife Service, SSR-Fisheries No. 180,
greater than 200 to 300 n.m. (Fig. 15). For 1956.
the 10,800 ft receiver and the 60 ft source (U) Seckel, G. R.,, Atlas of the Oceano-
(Fig. 14) the 30-mile convergence zone is graphic Climate of the Hawaiian Islands Re-
modified to a much shorter separation. gion, U.S. Fish and Wildlife Service, SSR-

(C) It is worth noting that predictions Of Fisheries No. 193, 1962.
the sort shown here are not produced auto- (U) Sverdrup, H. U., M. W. Johnson and
matically by exercise of the computer model. R. H. Fleming, The Oceans; Their Physics,
The programming for horizontal gradients in Chemistry and General Biology, Prentice-Hall
the water and arbitrary bottom profiles causes New York, 1942, 1087 p.
focusing and defocusing of ray bundles so that
ray spacings can be made close enough for con- (U) Thorp, W. H., Analytic Description
vergent intensity computations only after de- of the Low-Frequency Attenuation Coeffi-
tailed inspection of an initial set of computa- cient, Journal of the Acoustical Society of
tions (see discussion, p. 12). Without such America, 42(1), p. 270, 1967.
detailed attention, the results exhibit very (U) Uda, M., On the Structure of the
large increases in loss (e.g., 220 dB) which are Boundary of Water Masses, Journal of the
artificial results of the choice of ray spacing. Oceanographic Society of Japan, 2(4), 1943.
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Introduction the top hydrophone of the vertical array and
by a hydrophone suspended over the side of

(C) The acoustic results from PARKA I SIR HORACE LAMB at a depth of 4200 ft.
required for testing the long range sound prop- They were recorded at the Tudor Hill Labora-
agation model are the propagation loss charac- tory at Bermuda on a MINCOM C- 100 seven-
teristics. This report presents the acoustic channel tape recorder operated at 60 ips in
propagation loss values that were computed the FM mode.- The recordings were processed
aboard SANDS in real time from the measured through an Ambilog 200, a hybrid analog-
data taken on the FLIP hydrophones. Data digital computer, in 1/3 octave bands from 10
recorded at Kaneohe that were subsequently to 2000 Hz. Received energy was calculated
processed aboard SANDS and at USL, are also referenced to a calibrated signal and corrected
given. Noise measurements made from the for range in accordance with acoustic ray ge-
several receiving hydrophones are presented ometry to obtain the energy flux density in
and discussed. The determination of source contiguous 1/3 octave bands one yard from
level for the various sources is included as the source. The data set used to obtain the
background for the appraisal of the propaga- 60 ft source level curve consisted of spectra
tion loss results. from 23 charges obtained when the source

ship was directly over the TRIDENT Vertical
Source Levels Array. The data for the 500 ft source level

curve came from 6 shots detonated directly
(C) The determination of absolute propaga- over the TRIDENT vertical array, 12 shots

tion loss requires a knowledge of source level, detonated at a horizontal range of 5 n.m.,
In May 1968 a number of charges of the type 5 shots detonated at a range of 10 n.m. and
used for PARKA I were calibrated in deep 6 shots recorded aboard SIR HORACE LAMB,
water off Bermuda so as to determine the nec- making a total of 29 shot receptions for deter-
essary source levels for calculating propagation mining the shot spectrum for this depth.
loss. (C) The source level curves used for deter-

(C) The charges used at the 60 and 500 ft mining propagation loss are shown in Figs. 17
depths consisted of six one-half pound blocks and 18. The vertical lines indicate the total
of TNT packed in a faired, plastic container range of values obtained from the family of
and weighted so the descent rate was the same shots used. Incorporated with these curves are
for all charges. Detonation was by lighted fuse other pertinent data for comparison (Christian,
cut to the appropriate length for the depth Weston, Western Electric Co.). It is apparent
desired. The charge used at the 2500 ft source that at 100 Hz and higher frequencies, the
depth was a SUS MK 59 Mod 4, a cyclotol- uniformity of results by different observers
filled, 4-pound TNT-equivalent charge, hydro- suggests a high degree of confidence in the

statically detonated. knowledge of source level. When considering
(C) During the mieasurements off Bermuda, frequencies as low as 31 Hz, there is a signifi-

R/V SIR HORACE LAMB occupied stations cant disparity among observers in source levels
at various ranges within a radius of 10 n.m. for the 60 ft depth. These differences are cur-
from the bottom-moored TRIDENT vertical rently under study. Until this -itudy is com-
array and detonated charges at the desired pleted, the source level at 31 Hz must be as-
depths. These shot signals were received by sumed to be more uncertain than the source
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levels at the other frequencies covered in this a frequency band centered at 31 Hz and at
report. However, it should be noted that dif- 100 Hz and for two source depths, 60 and
ferences of propagation loss resulting from the 500 ft. The curves in this figure result from /,
same shots are valid, e.g., receiver position considering an impulse function exciting a lin-
comparisons, loss vs. range comparisons, etc. ear system having an ideal band-limited fre-

(C) At the lower frequencies, source level quency characteristic. The ocean surface is
becomes more sensitive to depth change as the assumed to cause a 1800 phase change in the
bubble pulse interval approaches the reciprocal incident signal. The acoustic source pattern
of the analysis frequency. In addition, at the is determined by integrating the composite
lower frequencies and shallower depths, the signal resulting from the direct and surface
water surface has a significant effect on the reflected paths.
source level pattern. Figure 19 is a plot of (U) Each of the patterns in Fig. 19 has a
apparent source level as a function of angle for null at 00 relative to the ocean surface due to

04

OB D5

SOURCE DEPTH: 60ft SOURCE DEPTH: 6Oft
90" FREQUENCY SAND:22-44 Hz 90" FREQUENCY BAND: 89-112 Ha

0. 05

-20 -20

I -IO-
_10- _10-

90 SOURCE DEPTH: 500 ft 90, SOURCE DEPTH: 500 ft
FREQUENCY BAND: 22 -44 Hi FREQUENCY BAND: 89-112 Hz

Fig. 19 - Radiated power patterns of sources detonated near ocean surface
(angles measured from ocean surface) (U)
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the 1800 phase shift occurring at surface re- angle of the limiting ray at the receiver. For
flection. Each plot is relative to the free-field geometries of significance in PARKA I, this
source level computed through the same filter. upper limit is generally less than 200. With 00
Peaks in the patterns of approximately 6 dB as a lower limit, the patterns were integrated f
occur, corresponding to in-phase addition to to P3* and the results averaged by dividing by
direct and surface reflected signals. the angle. Ratios of the integrals were then

(C) To explain propagation results at long taken and plotted in Fig. 20. Assuming that
ranges, the patterns shown in Fig. 19 are inte- all source energy radiated between 00 and 150
grated over the angular aperture visible to a was received at a given range, the propagation
distant receiver. The lower limit of this aper- loss for the 6C ft shots would need to be cor-
ture is assumed as 0' and the upper limit the rected by about 7 dB at 31 Hz compared with

0._________ 0.

-20 -20

-10 -0 to

1004

o C ,/

10__ )10

S(a) (b

20 SOURCE DEPTH: 60 ft 20- SOURCE DEPTH: 500 ft

90* FREQUENCIES: 1OOHa 90. FREQUENCIES: 100 HE

31Ht 31 HE

-20." -20

-10 M -1o

- 0o

(c) (d)

20r 20-"

90. SOURCE DEPTHS: 60ft 90 SOURCE DEPIHS: 60 ft
SOoft 300 ft

FREQUENCY 31 Hz FREQUENCY 100 HE

Fig. 20 - Ratio of normalized radiated powers averaged over angular aperature 00 to 6':
(a) and (b) show ratios in dB of radiated power in 1/3 octave bands at 100 Hz to that at 31 Hz
for two depths; (c) and (d) show ratios in dB of radiated power in 1/3 octave bands for source
depth of 500 feet to that at 60 feet at two frequencies (U)
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100 Hz to allow for effective source directivity, ordinates 27°30'N, 157 0 50'W. FLIP was
while there would be negligible difference be- tethered to SANDS which maneuvered to
tween these two frequencies for the 500 ft hold FLIP at a particular location for the /
shot. Similarly, the results for the 31 Hz anal- duration of the exercise. Although the drift
ysis using 60 and 500 ft shots indicate a 6 dB rate of FLIP was materially reduced, there
greater loss fro... the shallow source. A slight were significant changes in the bottom topog-
difference would also be expected for a 100 raphy near FLIP during the period of the
Hz analysis of 60 and 500 ft sources. acoustic measurements, due to drift. Figure

21 shows the drift patterns of FLIP/SANDS
The Drift of FLIP for Phases 1 and 2.

(C) As discussed in the Experimental Pro-
cedures section of this report, FLIP served as Propagation Loss Results
the platform for the receiving hydrophones (C) The summary in Table I presents the
located nominally at Point ALPHA with co- combinations of source and receiver depths
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Fig. I- SANDS/FLIP track (U)
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Table I
PARKA - Source depth, receiver depth, and

frequency analysis bands

PHASE I

Source Depths Receiver Depths 1Frequencies Bandwidths
00t (ft) j (Hz) j (Octave)

60 300 T 3
S00 2,070 (Kaneohe)

2,500 j 100 1/3
10,800 200 1/3

400 1/3

PHASE 2

60 300 31 1
5oo 2,070 (Kaneohe)

2,500 2,500 100 1/3
10,800 200 1/3

400 1/3

500 300 178 (CW) I Hz
2,070 (Kaneohe)

2,500
10,800

and frequency bands available in the results status of the instrumentation and operating
from SANDS that were computed on-line and modes of FLIP, SANDS and the source ship
from Kaneohe that were computed during the are keyed to the latitude of the source ship
return journey of SANDS. A few of these are for both phases of the experiment. An arrow
not available because of channel limitations in notes the latitude of Kaneohe and a bracket
the computer program. An exception to real represents the range of latitudes occupied by
time data reduction was the FLIP/SANDS FLIP and SANDS during each phase of the
data south of FLIP during Phase 1. Because experiment. Gaps in the propagation loss
the computer was off-line during this period, curves can generally be explained by referring
the Phase I "FLIP-South" data were processed to this log. For example, gaps in the Phase I
from analog magnetic tape. Figures 22 through data near 27'N, 36.5"N and 43*N are ex-
60 present the processed propagation loss data plained by B, D and G respectively of the
received at FLIP and Kaneohke during the Phase I log. A of the Phase I log indicates
PARKA I Experiment. A special analysis was that the digital system was off line. These
made of the data received from the 500-ft data were later processed on the SANDS' com-
shots of Phase I at Kaneohe in order to study puter from recorded magnetic tape and are
frequency-dependent effects in some detail, presented as part of the propagation loss
These results are shown in Fig. 6 1. curves. While this log applies specifically to

(U) It is helpful when studying these prop- the data processed on FLIP, it also is appli-
agation loss curves to refer to the PARKA cable to the Kaneohe results when the status
Event Log shown in Fig. 62. In this figure the of the source vessel is involved.
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SOURCE 3 LS. TNT 60 FEET FREQUENCY 31 HZ

RECEIVER 2500 FEET
100

ItoI
03120 S

130

RECEIVER 10800 FEET
100 _

2120 '

130

"N 0-0N 355N 40'N 45"N 0"N 95 N

Fig. 22 - PARKA Phase I Propagation Loss (C)

SOURCE 3 LOS. TNT 60 FEET FREQUENCY 100 HZ

.RECEIVER 2500 FEET100 17 a I It -. , "
130 I / •

- ~*~w~~ w r.r

RECEIVER 10800 FEET
100 1 '4Q11 .. ,•'• .-... .*... . .

120 __

ý5"N 50N - 5"N !N 45"N h0N 95"N to N

Fig. 23 - PARKA Phase 1 Propagation Loss (C)

SOURCE 3 LS. TNT 60 FEET FREQUENCY 200 HZ

RECEIVER 2500 FEET

120 . .,_ _,'_

ý5 N 50-N 5"N !40 N "45N to N ý5 N ýO N

Fig. 24 - PARKA Phase I Propagation Loss (C)
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SOURCE 3 LOS. TNT 60 FEET FREQUENCY 400 HZ

RECEIVER 2500 FEET
100 ? .'•' i,- *CU.o j . . . . --; t " . " . . . . . .. .... ..... . .. .J

10 I Z

130 ".

RECEIVER 10800 FEET
10 0 - - . .- --- --.. . . ... . . . . . . . . .T
ll110.• .. .__- ,

10 P-
S120

1301_

ý5 N 0" N §5 N ¶0" N 45 N h0N 5 N h0 N

Fig. 25 - PARKA Phase I Propagation Loss (C)

SOURCE 3 LBS. TNT 500 FEET FREQUENCY 31 HZ

RECEIVER 2500 FEET
100

o 120

RECEIVER 10800 FEET

100 ,WI:1.. .

130

ý5 N §O N S5 N 40 N 45 N 0" N 5N bO N

Fig. 26 - PARKA Phase 1 Propagation Loss (C)
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SOURCE 3 LOS. TNT 500 FEET FREQUENCY 100 HZ

REC EIVER 2500 FEET

130

• •"|!•;.,•,,,.•..• .. •-•RECEIVER 10800 FEET

1100

2 120
130

ý5"N '" N 1 5SN 4ON '45"N tO N 95 N ' -YN

Fig. 27 - PARKA Phase 1 Propagation Loss (C)

SOURCE 3 LBS. TNT 500 FEET FREQUENCY 200 HZ

RECEIVER 2500 FEET

-10 wo10 bk%-Ik

' 120

s'. N SoON S- N N W 'N 90'N 95'N brON

Fig. 28 - PARKA Phase 1 Propagation Loss (C)

SOURCE 3 LBS. TNT 500 FEET FREQUENCY 400 HZ

RECEIVER 2500 FEET
100 1-co 120../Lia.

-t•;0 ; -.x RECEIVER 10800 FEET

130

W5N !O'N 35N •40N ' 5 N tO N h5N WON

Fig. 29 - PARKA Phase 1 Propagation Loss (C)
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SOURCE 3 LBS. TNT 60 FEET FREQUENCY 31 HZ

RECEIVER 300 FEET100

- 20 "."_ _,. _"., "
130 " _""_""_"_""

RECEIVER 2500 FEET
100

120 '

1301

RECEIVER 10800 FEET

0 120 " .. ""

11 . * . . . .. • . S . .. .. .. ,.....

130

ý5 N 30-N S35-N '406N 4S-N W N 95-N 90-W

Fig. 30 - PARKA Phase 2 Propagation Loss (C)

SOURCE 3 LBS. TNT 60 FEET FREQUENCY 100 HZ

RECEIVER 300 FEET

0 120

130

RECEIVER 2500 FEET
100

1 10 • • ." .... , ,

130

130

0120 '"

130 .,""

W N S0"N •S'N ON 45'N 90'N h N WON

Fig. 31 - PARKA Phase 2 Propagation Loss (C)
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SOURCE 3 LBS. TNT 500 FEET FREQUENCY 31 HZ

,1,. RECEIVER 300 FEET
100 . . * * ;

,. I 0 , _ __ __ __ __ __ _, __ ___.__ __ ___......_ __ __ _

2 120 -- _'_""_ _"'_

130 ... -__

100 
RECEIVER 2500 FEET

11I0 4.., _ ' '- '
"0120

130

RECEIVER 10800 FEET

100 • • '- "

-11i0 *. % vp* ~ :."

0 120

130

ý5"N S0"N 35"N W 0N 4"N •0"N 5"N N 0N

Fig. 32 - PARKA Phase 2 Propagation Loss (C)

SOURCE 3 LBS. TNT 60 FEET FREQUENCY 200 HZ

RECEIVER 300 FEET
100

•12120
0130.1

RECEIVER 2500 FEET
100

0120

130

RECEIVER 10800 FEET

c120 " "

130

W5N 30"N S'3N W0N 45N W0N WSN k"N

Fig. 33 - PARKA Phase 2 Propagation Loss (C)
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SOURCE 3 LBS. TNT 500 FEET FREQUENCY 100 HZ

II S

-. __ •RECEIVER 300 FEET

-1O0 4,: ......... ..... ..........
120 ,:' : ":" "

130 _

I'. RECEIVER 2500 FEET

- 110 ._ ._"

130 -

- RECEIVER 10800 FEET
100 • .

-It- 40 :. .'.% ." '

o120

-130 [ i

Fig,, 34 -- PARKA Phase 2 Propagation Loss (C)

SOURCE 3 LOS. TNT 500 FEET FREQUENCY 200 HZ

. -. RECEIVER 300 FEET
100 " :Ito

- 110 , . ._..;_.,.

0120 •
130

RECEiVER 2500 FEET100 :'" '

o120 '""

130

• " .RECEIVER 10800 FEET
100 ,

120 .

Fig. 35 -PARKA Phase 2 Propagation Loss (C)
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SOURCE CW PROJECTOR 500 FEET FREQUENCY 178 HZ

RECEIVER 300 FEETtoo _ - _ _ __ _ _ _ __ _ _ __ _ _ _

-110 ._ __ . •._• ko_"_,__,,: .,_ _

o120

130 .,._ __ _.

RECEIVER 2500 FEET

o120

130 4>

10 :", w.RECEIVER 10800 FEET

110 L k.. '

130 :

5N SO'N 35'N . N o'N ' oN •s' ho'N

Fig. 36 - PARKA Phase 2 Propagation Loss (C)

SOURCE MKS9-4 4 LBS. TNT 2500 FEET FREQUENCY 31 HZ

90 RECEIVER 300 FEET90

- 100 _ _. _•_..... _.-._ _,_ _

3110 "

120

RECEIVER 2500 FEET
90 "

2110.

ERECEIVER 10800 FEET
90 -

- 00 :'

2 1 1 0 .. .

120

ý5' N o' ý'0 N o" N s" Ni ho" N tS' N 0"0

Fig. 37 - PARKA Phase 2 Propagation Loss (C)
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SOURCE MtK59-4 4 LBS. TNT 2500 FEET FREQUENCY 100 HZ

RECEIVER 300 FEET
90 "'

- 100 0 , _ __

120 i tizo ,,. .. ... .. . "". . .

RECEIVER 2500 FEET
90 ...... . . .** "a

C100

120

90 ,RECEIVER 10800 FEET90 ' ,

* lO ,,* .... ....-c 100* :~ ~ i**.*IS

120

W5N NFN WSN W N 5N WeN 1 95M ba- N

Fig. 38 - PARKA Phase 2 Propagation Loss (C)

SOURCE MIK59-4 4 LBS. TNT 2500 FEET FREQUENCY 200 HZ

so ,RECEIVER 300 FEET

-100 __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

120 " '."

RECEIVER 2500 FEET90 - ,,' •'-: "' -t * .' .. . . " ]
Sio .. .. '".....=-100 *

120

RECEIVER 10800 FEET
90 * • . .

ell 0 " '" '' , . . .

120 1.

W5N SON 555N W4N %SN 90-N 95-N 0 N

Fig. 39 - PARKA Phase 2 Propagation Loss (C)
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SOURCE 3 LBS. TNT 60 FEET FREQUENCY 31 HZ

RECEIVER 2070 FEET
100 "/

-110
S12c) _____ _ _ __......

130 . P. , , ..

ý5'N S0'N 3 SN ýo N 1 'N 90"N hN b0"N

Fig. 40 - PARKA Phase I Propagation Loss Kaneohe (C)

SOURCE 3 LBS. TNT 60 FEET FREQUENCY 100 HZ

RECEIVER 2070 FEET

1s S011 S'1N "0N W N t0"N hSN bf0"N

Fig. 41 - PARKA Phase I Propagation Loss Kaneohe (C)

SOURCE 3 LOS. TNT 60 FEET FREQUENCY 200 HZ

too ... .. .. .

bOURCE 3 LBSR.CIVTNT200 FEET FEUNY40H
100. ...

0 Ito ------

1301 _

h N SON S'N W0N 4 'N W0"N t5' 0"

Fig. 42 - PARKA Phase I Propagation Loss Kaneohe (C)

SOURCE 3 LBS. TNT 60 FEET FREQUENCY 400 HZ

RECEIVER 2070 FEET
100_

-110- -

2~120 '

h- N SO-N S5 N !-40 N 5 ~N 0N t5-N -10

Fig. 43 -PARKA Phase I Propagation Loss Kaneohz (C)
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SOURCE 3 LBS. TNT 500 FEET FREQUENCY 31 HZ

RECEIVER 2070 FEET

10

m' iO ~S5N ý0N ¶IN N 0N 5N o
Fig. 44 - PARKA Phase I Propagation Loss Kaneohe (C)

SOURCE 3 LOS. TNT 500 FEET FREQUENCY 100 HZ

RECEIVER 2070 FEET

-10
01320.

130

ýS N SO-N h5N to N W4N t0M of 5-N- kCv1

Fig. 45 - PARKA Phase I Propagation Loss Kaneohe (C)

SOURCE 3 LBS. TNT 500 FEET FREQUENCY 200 HZ

RECEIVER 2070 FEET

ht 11 N SowN w W HN t45- 14 N k5%N to P

Fig. 46 - PARKA Phase I Propagation Loss Kaneohe (C)

SOURCE 3 LBS. TNT 500 FEET FREQUENCY 400 HZ

100 RECEIVER 2070 FEET

13 .. ,4;

S- ~N ýON 5N lO N ý45-N 90-N Wt hO-

Fig. 47 - PARKA Phase I Propagation Loss Kaneohe (C)
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SOURCE 3 LBS. TNT 60 FEET FREQUENCY 31 HZ

RECEIVER 2070 FEET
100

-110 4  . .Ip
0120 . . ......... *- ..

1 3 0 ._""

ýS'N S0"N •S'N t0"h 45N t 0"N tS'N to0w

Fig. 48 - PARKA Phase 2 Propagation Loss Kaneohe (C)

SOURCE 3 LBS. TNT 60 FEET FREQUENCY 100 HZ

RECEIVER 2070 FEET100 .

130

fS. 50 'N N 0N R I5, t 0N ts-h ko-N

Fig. 49 - PARKA Phase 2 Propagation Loss Kaneohe (C)

SOURCE 3 LBS. TNT 60 FEET FREQUENCY 200 HZ

RECEIVER 2070 FEET100 ____ __________""___________1 1 0
" 120 . .

130

5N - DO'N h N b0"N !S'N La-N hSN b0-N
Fig. 50 - PARKA Phase 2 Propagation Loss Kaneohe (C)

SOURCE 3 LOS. TNT 60 FEET FREQUENCY 400 HZ

RECEIVER 2070 FEET
100 -

-. 110 T
" 120 .. . T. ,

130

SN N 30N •5"N 40-N 45-N W0"N L N bl0N

Fig. 51 - PARKA Phase 2 Propagation Loss Kaneohe (C)
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SOURCE 3 LBS. TNT 600 FEET FREQUENCY 31 HZ

RECEIVER 2070 FEET

100 *tl.* .. . .. .... . .

S120 C

130

5N ýo'N h3"N W0N !4SN 0"N hSN boN

Fig. 52 - PARKA Phase 2 Propagation Loss Kaneohe (C)

SOURCE 3 LBS. TNT 500 FEEl FREQUENCY 100 HZ

RECEIVER 2070 FEET

ItoI

2120
130

kI to N S~6N ý0N 45-N he N tS N bWN

Fig. 53 - PARKA Phase 2 Propagation Loss Kaneohe (C)

SOURCE 3 LOS,. TNT 500 FEET FREQUENCY 200 HZ

RECEIVER 2070 FEET
100

120 '
130

rW SOOt P N WN 45N WN h N to N

Fig. 54 - PARKA Phase 2 Propagation Loss Kaneohe (C)

SOURCE 3 LOS. TNT 500 FEET FREQULNCY 400 HZ

RECEIVER 2070 FEET
100

o120

130

W5 lo SON ha 44 v 5N to0 N W N hON N5 o

Fig. 55 - PARKA Phase 2 Propagation Loss Kaneohe (C)
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SOURCE CW PROJECTOR 500 FEET FREQUENCY 178 HZ

RECEIVER 2070 FEET

I100

'120

130 __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

WN SON 3SSN ý0N '45'N to N LSN ta-N

Fig. 56 - PARKA Phase 2 Propagation Loss Kaneohe (C)

SOURCE MK~59-4 4 LBS. TNT 2500 FEET FREQUENCY 36 HZ

0 - .REC .EIVE R 2.070 FEET

- 100

120

5N §0 N 35-N 4 N 45-N W0N LN Wo-N

Fig. 57 - PARKA Phase 2 Propagation Loss Kaneohe (C)

SOURCE MKt59-.4 4 LBS. TNT 2500 FEET FREQUENCY 100 HZ

RECEIVER 2070 FEET

-100. * * s .*

o 110 I
120

W N SO N 3SN 4~0N 45-N W0N 95-N

Fig. 58 - PARKA Phase 2 Propagation Loss Kaneohe (C)

SOURCE MIK59-4 4 LBS. TNT 2500 FEET FREQUENCY 200 HZ

90~ .- RECEIVER 2070 FEET

h N ýO-N S5 N W4N - O5N tk0N t5-N bN
Fig. 59 - PARKA Phase 2 Propagation Loss Kaneohe (C)
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SaURCE M1159-4 4 LOS. TNT 2500 FEET FREOUENCY 400 HZ

go ~-~ - RECEIVER 2070 FEET

120--

hN SOffN S35N !40N 5N 90-N 55-N ___9id

Fig. 60 - PARKA Phase 2 Propagation Loss Kaneohe (C)

PRRK~R PHRSE I KRNEOHE
FREQUENCY DEPENDENCE OF PROPAGATION LOSS

SOURCE 500 FT RECEIVER 2070 FT

i~v-po-I-Ww A P*.36 HZ"

~ ~ 80 HZ4

100 H1.

04-125 HE
'~ ' ~ i -160 HZ

Y. 200 HZ

~r250 HZ

%%bI- too - - - ~ 315HZ

N N ý30N SN ý-N ý5 N ~0 N 50-N

Fig. 61 -Propagation loss relative to 100 dB (1 division 10 dB) (C)

53 SECRET



ACOUSTIC RESULTS SECRET

PHASE I

F G H I

A S C D Er ++

KANMOHIE FLIP
I • I Li I I

20"N 25" 306 35" 40" 45" 50. 55" 60"
A, 0IaITAL SYSTEM OFF LINE F. CONTINUE RUM WITH NARDINRE
S. AIR DUN EVENT TELEMETRY
B. AIRDUNU EVENT RU. COMPUTER FAULT
CF. TLMETRUN 

N. CONTINUE RUNI. CONCTINUE RUN WT 4D. R. F. TELEMETRY Tft.NMSNTTKR DOWN 1 OTNERMWT ""

E. CONTINUE RU4,AT END OF I, TEThER CHANNELS REPLACED WITH.NNNL L tPTAY FAILED
LINE PARTED AND S.F. TELEMETRY FAILED LOWER PREDUENCIES

PHASE 2

A BC D E F G H I K

KANEOHE FLIP
I I I I I I I I I

20" N 25" 30" 35" 40" 45' 50" 55" 60"
A. SHOT AND CW RUN 0. CONTINUE CW AND SHOT RUN USING

SCHODUOY RF. TF.LIMETRYS. PLANHNED INTERRUPTIONSNOUTRFTLETR
.H CONTINUE RUN USING HARDWIRE

C. CONTINUE RUN TELEMETRY

0. CR SOURCE INOPERATIVE I. RUN INTERRUPTED TO REPAIR
E. CONTINUE RUN FLIP NYDROPHONE A44EMPLY

F. CW SOURCE INOPERATIVE J. CONTINUE RUN
TETHER TO FLIP PARTED It. CW SOURCE FAILED. COMPLETED

RUN USING SHOTS ONLY

Fig. 62 - PARKA event log (C)

Discussion of Propagation Loss Results 60 ft Source and FLIP

(S) Certain salient features of the acoustic (C) Propagation from the shallow source
data which are of particular interest from the was essentially identical, to the 300 ft and
standpoint of surveillance systems design can 2500 ft FLIP hydrophones, as seen in Fig. 63.
be demonstrated by comparing propagation (C) Propagation from the shallow source is
loss versus range in various combinations, as better to the deep (10,800 ft) FLIP hydro-
follows, phone than to the one at the sound channel

axis (2500 ft) by 3 to 5 dB over nearly the
Effects of Hydrophone Depth entire track, as shown in Fig. 64.

and Location (C) The propagation loss to the deep hy-

(C) The effect of hydrophone depth de- drophone at 100 Hz is nearly constant over
pends on the source depth and on the environ- much of the range, increasing only about 4 dB
mental conditions along the acoustic path, as (from 105 dB to 109 dB) between 200 and
might be expected: 1700 n.m.
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PHASE 11 3 LB TNT 60 FT DEPTH 100 Hz

S.... 300 FT HYDROPHONE
2500 FT HYOROPHONE

100

130

N S'N SSN VoN '4'N o 0N ', N VoI

Figure 63 (C)

PHASE I 3 LB TNT 60 FT DEPTH 100 Hz
. 2500 FT HYDROPHONE
*....10,800 FT HYDROPHONE

100
-110

120
130

•5N S0"N 5 N ýO N !S N 90'N -"N 90N

Figure 64 (C)

500 ft Source and FLIP (C) A comparison of propagation from the
500 ft source to the 2500 ft and 10,800 ft

(C) With a 500 ft source, propagation to receivers, Fig. 67, shows a cross-over, the
the 300 ft receiver was much poorer (by 5 deeper unit having better reception at ranges
dB) than to either the 2500 ft or 10,800 ft out to about 500 n.m., and the shallower one
receiver over nearly all the range measured, having better reception at longer ranges, from

Figs. 65 and 66. 500 to 1700 n.m.
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PHASE 3" 3 LB TNT 500 FT DEPTH 100 Hz

. 300 FT HYDROPHONE
10. 2500 FT HYDROPHONE

too

110, ;.%,, %...•t..J •,,¶~ .. *..:,.',',**" ,: .

o 120

"130 .

is SO 0N S5-N ýo'N ý5s toN h'N NeC

Figure 65 (C)

PHASE 11 3 LB TNT 500 FT DEPTH 100 Hz
.... 300 FT HYDROPHONE

. • ••10,800 FT HYDROPHONE "

100 **~ , 5
SD. *,.**1.

1 0 12." - .'. " ... ....

130

hsoN SO'N W N W N W'N 90'N -S. I;'.

Figure 66 (C)

PHASE I 3 LB TNT 500 FT DEPTH 100 Hz
2500 FT HYDROPHONE

.... 10,800 FT HYDROPHONE

to Iw.. a"--, m

C212rG

130

h- N to N S5 N to N 45N 14 0N WSN h NFigure 67 (C)
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so1

* KANEOHE RCVR 60 FOOT SHOTS

* FLIP 2500 FT RCVR PHASE Z

90 x K

KK x

00

x 0

00
x 00

120 x d
x x

63% 20 40 60 80 100 120 140 160 180 200 220' 240 260 280 300 320 340

RANGE (N MI)

so KANEOHE RCVR 500 FOOT SHOTS
KFLIP 2500 FT RCVR PHASE 11

0

90 X X 0
x OKa

x 0K 0 0 0 0

9 f oo x0 0 0

K 0 ( 0 0

2x x 0

0 K

120 x x
K

1301
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340

RANGE (NMI)

Fig. 69 - Comparison of propagation loss to FLIP and Kaneohe
for source locations between the two (C)
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80

o KANFOHE RCVR 60 FOOT SHOTS

x FLIP 10,800 FT RCVR PHASE li
x

X
90-

(flX Xax x

lIoo CO00

z 0o X0 x 0
0

110o 0
. X 0 X 0

00:i x x 0
9L 00

00 0

120 0

x
0

130 1 o I I I I I ," i I , , I
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340

RANGE (N MI)

80
a KANEOHE RCVR 500 FOOT SHOTSSK x FLIP 10,800 FT RCVR PHASE l

0
90 - 0 00 8

x X 0  0 x0 0
(0 0 0o 0ae 0

0 o

o xo x o x o x o !

0 00 0K0

I x XO o 0

x

120 --

13WI I I I I I I I I I I I I I I
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340

RANGE (NMI)

Fig. 69 (Continued) - Comparison of propagation loss to FLIP and Kaneohe
for source locations between the two (C)
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Effect of Source Depth is also 5 to 10 dB greater at ranges out to
about 600 n.m., and then becomes identical

(C) Charges were detonated at each of for the two sources at the longer ranges.

three depths during the Phase 2 runs: 60 ft, (C) For all three receiver depths, then, re-

500 ft and 2500 ft. The first two are simu- ception from the shallow source was generally

lated target depths, and the third is sound- much inferior to that from the deep one, and

channel-axis depth in the region of FLIP and at best was equal.

the southern end of the track. The 2500 ft (C) The difference due to source depth is

charges were intended primarily for attenua- even more pronounced at the Kaneohe hydro-

tion measurements. phones as seen in Fig. 72. There the reception
from the shallow source was as much as 20 dB

60 ft vs. 500 ft Sources poorer over the bottom-limited propagation
range from about 200 n.m. to 700 n.m. The

(C) At the 300 ft FLIP hydrophone, the difference then decreased gradually with in-
loss is the same for the 60 ft source and the creasing range as the rising sound channel axis
500 ft source; this is shown in Fig. 70. and decreasing surface temperature acted to

(C) A comparison of propagation loss from reduce the interaction of the propagation
the 60 ft and 500 ft sources to the 2500 ft and energy with the bottom. For the last 600
10,800 ft FLIP hydrophones is seen in Fig. 71. n.m., the difference in propagation loss for the
At the 2500 ft receiver, the loss for a 60 ft two source depths at 200 Hz was insignificant.
source is 5 to 10 dB greater than for a 500 ft At 100 Hz there was a difference of approxi-
source over nearly all of the track (except mately 5 dB between the two source depths
within perhaps 50 miles of FLIP). At the which could be attributed to the effect of the
10,800 ft receiver, the loss for the 60 ft source surface on the source pattern at this frequency.

PHASE 1l 3 LB TNT 100 Hz
S.... 60 FT DEPTH

500 FT DEPTH

300 FT FLIP HYDROPHONE

100 " -. .

o 120 . ..

130

e "N SO-N S5'N ' 0"N " 45"N " ' " N !0S-1N

Figure 70 (C)
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PHASE I 3 LB TNT 100 Hz
60 FT DEPTH

500 FT DEPTH

FLIP 2500 FT HYOROPHONE

100

-110

- 130 _.-_ _ _ _ _

FLIP 10,800 FT HYDROPHONE

doo

130

ý5"N SO N S5 N OIN 45"N O N •5N ON

Figure 71 (C)

PHASE 1 3 LB TNT 100 Hz
.... 60 FT DEPTH
S.... 500 FT DEPTH

KANEOHE 2070 FT HYDROPHONE

100 1.0_ _ __ _ _ _ __ _ _ _ __ _ __1_ _ _ _

•s'. •0". •s', •0".W W s.• " • ' ~ '0130

W5N STM 5N !ý00N U0 N k0 N W5N

Figure 72 (C)

2500 ft Source vs. 60 ft and 500 ft Sources the 60 ft source over the range 200-1700 n.m.,
and from 10 to 0 dB better than the 500 ft

(C) For the track north of FLIP, the re- source over the same range. The differences
suits at the 300 ft hydrophone were essen- decrease with increasing range as the sound-
tially the same for all three depths of source channel axis rises above the depth of the 2500
charge (60, 500 and 2500 ft) as may be seen ft charge and its source coupling to the sound
in Figs. 70 and 73. The same is generally true channel becomes weaker.
of the 10,800 ft hydrophone (Figs. 71 and 73). (C) Propagation from the 2500 ft source

(C) At the 2500 ft sound-channel axis re- to the 2500 ft FLIP receiver decreased only
ceiver, however, propagation was generally best slightly with range over the part of the track
from the 2500 ft charge, as would be expected. from FLIP to 22°N, since it is primarily sound
It ranged from 20 dB to 7 dB better than from channel propagation for this configuration.
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PHASE f3 100 Hz
S.... MK 59-4 (4 LB TNT) 2500 FT DEPTH

3 LB TNT 500 FT DEPTH

300 FT FLIP HYDROPHONE

1100

2120 .

: 2500 FT FLIP HYDROPHONE

10 . *Im lO0 .. ..ej :. " " ". " 2 ''"•-'-,, ','- .... '- .. . . j
•. ..,...,: ' 1 ,0 FT F -..:w.,- --Y.ORO-.,P,.,,,HO.N- .

-120 . "

130 "

.": :.;, 10,800 FT FLIP HYDROPHONE

3 120 ""-"' "

130

' '5N %0 N %5 N N Ni NN
Figure 73 (C)

Comparison of Phase 1 and Phase 2 Results Fig. 76), did not greatly affect the acoustic
results.

(C) The results of the Phase I and Phase 2 (C) The Kaneohe hydrophone, unlike the
measurements of propagation loss vs. range FLIP/SANDS receivers, remained fixed in loca-
were identical within differences which might tion for the total duration of PARKA I. Corn-
have been due to drift of FLIP during the two parison of the Phase I and 2 data indicate a
Phases. An example of the repeatability is much better detailed agreement at the Kaneohe
seen in Fig. 74, in which the 100 Hz results of location for the two phases than at FLIP/
the 60 ft charge tests on two FLIP hydro- SANDS. Table II summarizes the comparison
phones for each Phase can be compared. An- of Phase I and 2 data at Kaneohe.
other example is given in Fig. 75 which shows
the results of the 500 ft charge tests on the Effects of Frequency
same hydrophones. (C) In general, data received at FLIP exhib-

(C) While the aata from Phase 2 are too ited increased propagation loss with increase
sparse to allow highly detailed comparisons, in frequency. For example, the 200 Hz data
the fact that the averages agree so well in gen- show slightly greater propagation loss than the
eral implies that the changes occurring in the 100 Hz results, exhibiting about 3-5 dB more
ocean over a period of two or three weeks (the loss for a range of about 1600 n.m. For both
amount and nature of which may be seen in the 60 and 500 ft sources, the propagation loss
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at 450 N was about 15 dB more at 400 Hz than (C) Propagation loss as a function of fre-
at 100 Hz at both the 2500 and 10,800 ft quency was obtained for the Kaneohe site in

hydrophones. contiguous 1/3 octave bands centered at fre-
(C) An exception is the 31 Hz data which quencies from 36 Hz to 400 Hz anu in an oc-

displayed more propagation loss than the 100 tave band centered at 36 Hz, These data are
Hz data. For any given source depth, the shown in Fig. 61 for the 500 ft explosive,
propagation loss difference is essentially con- source plotted versus latitude of the source
stant with range. The difference for the, 500 ship.
ft source is about 4 dB and the difference for (C) At 100 Hz and below, there are no ap-

the 60 ft source is about 9 dB. These differ- parent differences between the curves. Above
ences are typical of both phases and all hydro- 100 Hz, the curves diverge and exhibit promi-
phone depths. This appareilt anomalous be- nent slopes at the longer range. Assuming a
havior agrees very well with what could result ray propagation model above 100 Hz that is
from a dipole radiation pattern from the invariant with frequency, and assuming that
source as discussed in the section on source the energy is not bottom-limited at long range
levels (p. 34). nor suffers any frequency dependent surface
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Table II Table III
Propagation Loss Summary Comparison - Attenuation Differential Between 100 Hz

Phases 1 and 2 and the Frequency Indicated

Frequency Source Comparison Frequency Differential Expected

_Hz) Depth Phase _ vs. Loss at 55°N Differential
(Hz) (ft) Phase 2 (Hz) (db) db (Thorp)

31 60 identical 125 5 2.4
150 6 7.0

100 60 identical 200 9 12.8
250 13 22.0

200 60 identical 315 20 35.6
400 60 identical to 270. 400 28 57.6

Phase 2 data has
about 3 db less loss
at greater ranges, SUS Charge Studies
however, data are (C) In addition to charges detonated at 60sparse. and 500 ft, SUS MK 59 Mod 4 charges were

31 500 identical used during Phase 2 and were detonated at

100 500 identical 2500 ft over the total length of the PARKA

200 500 identical track. The principal purpose for using the SUS

400 500 identical except at charges was to obtain information for studying
attenuation by the method of Thorp (1967).long range where

Phase 1 S/N editing These studies are underway and will be re-

biases data slightly, ported later. Nevertheless, some cursory ob-
biases data__slightly, servations can be made.

Propagation Loss

(C) Following the general trend with depth
loss, one can interpret the divergence in the exhibited by the 60- and 500-ft charges, the
curves as attenuation in the medium. Table III propagation loss from the 2500-ft SUS charges
shows the difference in the propagation loss to the hydrophones at Kaneohe and FLIP are
between 100 Hz and higher frequencies meas- essentially identical.
ured at the greatest range and compared with (C) For approximately the first half of the
expected differences calculated using pub- run, the SUS charge detonates on the axis of
lished attenuation coefficients (Thorp 1967). the SOFAR channel and there was less propa-
The 400 Hz differential was measured at 440 N gation loss to the 2500-ft hydrophone at FLIP
and corrected to 55*N. Such assumptions re- than that experienced by the 500-ft charge.
suit in an attenuation curve in this frequency At the higher latitudes, the minimum sound
range having a slope significantly less than pre- velocity axis rises, and losses from the 2500-
viously reported. and 500-ft charges become comparable.
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Signal Characteristics Ambient Noise

(U) The oscillograms of Fig. 77 and graphi- Results
cal recordings of Fig. 78 illustrate received
signal characteristics as a function of range (C) Figure 80 presents representative val-
from FLIP; the latitudes of the shots are keyed ues of ambient noise level obtained at Kaneohe
on the oceanographic chart at the bottom of the anFLPdrgPhssInd2Fi. 18
figure. Note the increase in the multipaths with anFLPdrgPhss1nd2Fi.818
distance from FLIP and the gradual mnetamor- present data representative of effects which
phosis to a fully developed SOFAR arrival us will be discussed below. Noise data were ob-
shown resulting from the sound channel axis tained during PARKA I at each frequency that
rising up to the source depth as the ship pro- was investigated for propag-.tion loss. On
ceeded north. SANDS, samples were obtained from FLIP

once an hour at each frequency and hydro-
Comparison of Projector and phone depth; at Kaneohie the noise was sam-

Charge Results pled after each shot arrival. In each case a par-

(C) It is of particular interest to compare ticular sample was obtained by squaring and
the results of measurements made with the integrating the background noise for a 15-
two very different types of sound sources that second period.
were used, the explosive charges and the towed
CW projector. While a direct comparison at Discussion of Ambient Noise Results
the same frequency is not possible, since no
suitable 178 Hz filter was provided for the (C) The noise at Kaneohe was reasonably
charge measurements, comparison can be made uniform du * ng the total period of the experi-
between the projector tests at 178 H1z and the ment. Figure 81 is typical of the results ob-
charge tests at. 100 Hz and 200 Hz. One ex- tained at Kaneohe. These data were processed
ample is shown in Fig. 79. The average for the from magnetic tape and the portion of the
projector data at 178 Hz lies below that for curves to the left of 28*N represents tape noise
the charges at 100 Hz, and lies above and close from the low gain channels. This channel was
'to that for the charges at 200 Hz. This would used during the early portion of the propaga-
be expected on the basis of the increase in tion run because of the high signal levels re-
attenuation with increasing frequency, and ceived from the acoustic sources at close
indicates a satisfactory agreement between re- ranges. The remainder of the curve was ob-
sults of the two types of sources. tained from the high gain channel and repre-

(C) A noteworthy point is the wider scat- sents environmental background noise. The
ter of data with the projector than with the small variations exhibited are characteristic of
charges. This is presumably due to the influ- results for all frequencies above 100 Hz. The
ence of changing multipath phasing interfer- degree of variability was slightly greater at
ences on the instantaneous levels of the CW lower frequencies. Spectrum levels above 200
signals received as the source moves and as the Hz ore not reported because tape noise at these
characteristics of the water path fluctuate with frequencies appears to be the dominant noise
time. source.
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Fig. 79 - Comparison of projector and shot data (C)
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(C) The noise at FLIP/SANDS was not as phone while the shallower phones and the 100
uniform as at Kaneohe. Figures 82 and 83 are Hz data on the 10,800-foot hydrophone did
representative of the background noise envi- not appear to be affected.
ronment for Phase 1 at FLIP. The 100 Hz (S) At 178 Hz (1 Hz bandwidth filter) and
curve is similar to those of the background 200 Hz (not shown) the no-se level increased
noise observed at 200 Hz and 400 Hz. The on all hydrojphongs dprirkg.L, RerjodbiLJUo ,
early portion of these curves represents system not fluctuate. The hardwire telemetry link was
noise occurring with the low gain settings when again used from about 43*N to the end of the
the received levels of the signals were high. To experiment. During this period, the noise ex-
the right of 35*N the system gain was 20 dB hibited little variability at first but at 46'N,
greater and ambient sea noise was the domi- the level began to rise appreciably at all fre-
nant noise source. TLe cause of the strong quencies on the 2500 and 10,800 ft hydro-
fluctuations exhibited at 31 Hz during this phones. At this same time, strong line com-
period was not determined. Array vibration is ponents were observed on the low frequency
suspected as the major cause of this 31 Hz spectnrm analyzer (LOFAR display). It was
noise. FLIP was tethered to SANDS for most determined that this latter effect was due to
of the PARKA I experiment with strong forces oscillations in the hydrophone electronics but
acting on FLIP because of local currents. The the cause could not be localized.
array on FLIP was characteristically tilted (C) The summary results shown in Fig. 80
from the vertical in excess of 5'. Several tests were determined from observations made dur-
with SANDS operating in various machinery ing periods when the noise exhibited stable
modes (bow thruster on, main engines on, all minimum levels. These corresponded to data
propulsion secured, etc.) indicated that any at 40'N during Phase 1 and at 45°N during
resulting radiated noise had little influence on Phase 2. Where comparison between Phase 1
the background noise. Near the end of Phase 1, and Phase 2 can be made, it is noted that the
fluctuations became more intense and domi- Phase 2 noise levels are higher. The Phase 1
nated the 100 Hz data on the 10,800 ft hydro- data agree favorably with results obtained at
phone. The noise results at the 2500 ft hydro- Kaneohe. While the minimum levels may ac-
phone for 100 Hz and 200 Hz did not exhibit tually represent ambient sea noise, free from
these fluctuations at any time. A gap appears cable strumming, flow noise and nearby ship
in the 31 Hz curve around 50°N due to chan- noise, it is not certain that this is the case, and
nel modifications in the instrumentation sys- the results should not be so interpreted.
tem during the experiment.

(C) Figures 84 and 85 are 31 Hz and 100 Bibliography
Hz noise curves for FLIP hydrophones for (U) Christian, Ennine A., Source Levels for
Phase 2. A hardwire telemeiry link was used Deep Underwater Explosions, J. Acoust. Soc.
at the start of Phase 2 up to 32°N at which Am., Vol. 42, No. 4, 905, Oct. 1967.
time the experiment was interrupted. When (U) Thorp, William H., Analytic Descrip-
the source ship was at 36°N the event con- tion of the Low Frequency Attenuation Co-
tinued with a sonobuoy transmitter providing efficient, J. Acoust. Soc. Am., Vol. 42, No. 1,
the telemetry link. While the sonobuoy trans- 270, July 1967.
mitter was in use, the 31 Hz data exhibited (U) Weston, David E., Proceedings Physical
wide fluctuations on the 10,800-foot hydro- Society, LXXVI, 2, pp. 233-249, 1960.
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Introductido to use of too large an attenuation coefficient,
as will be considered in the discussion section(U) The comparisons now available are
which follows./

shown in Figs. 86 through 90 in which the hCh follows.
measured losses (red dots) are overprinted on (C) At 400 Hz (C) the discrepancies in the
the computed Iosl plots from pp. 30-33. The troughs for ranges 0 to 600 n.m. are very

large. From 600 n.m. on, there is a steadily
scale of presentation is useful for the compari- increasing average deviation similar to that for
son of average loss values. It is also useful for 200 Hz (B), and greater in magnitude, 18 dB
comparing such gross features as the conver- at 1200 n.m.
gence zones. It is not generally useful for com-
paring such details as the focusing (or defocus- 60 ft source, 10,800 ft hydrophone
ing) caused by irregular bottom topography. (Fig. 87)
In this report the comparison will be limited
to the larger or more obvious features and no ( A1 H A the comput cr le
precise analysis is attempted. Because of above the measured values by about 10 dB
FLIP's drift, the actual ranges corresponding (less loss). The difference steadily decreases
to the measured data points are not quite the with range to 0 dB at 1700 n.m. The peak to
same as for the computed values. The former trough amplitudes agree quite well.
were based on navigation and acoustic travel (C) At 400 Hz (C) the computed curve
time, while the latter assumed FLIP remained agrees well at shorter ranges, but shows increas-
fixed at a median position. ingly greater loss with increasing range, to

about 10 dB difference at 1200 n.m.

Average Loss 500 ft source, 2500 ft hydrophone

60 ft source and 2 r 90 ft hydrophone (Fig. 88)

(Fig. 86) (C) At 100 Hz (A) the agreement is very

(C) At 100 Hz (A) the region from 0 to close, except perhaps from 1500 to 1700 n.m.,

about 600 a.m. is characterized by con- and there the computed curve indicates a 2 or

vergence zones with marked peaks and troughs 3 dB greater loss.

in the curves, particularly for the computed (C) At 200 Hz (B) the agreement is good

values. From 0 to about 250 n.m. the troughs out to about 1000 n.m. From there to the end

agree, but not the peaks; then there is a re a- of the track the calculated loss increases stead-

tive shift so that the peaks agree instead from ily to a difference of about 8 dB at 1700 n.m.

about 400 to 600 n.m. The agreement is
good, within 0 to 2 dB, from about 600 n.m. (Fg 89)

to the end of the track at 1700 n.m.

(C) At 200 Hz (B) the peak and trough (C) At 100 Hz (A) the agreement is good
agreement is a little better from 0 to 400 n.m. (0 to 2 dB) over the entire range.
but the discrepancy in the troughs is still large (C) At 200 Hz (B) the agreement is excel-
from 400 to 600 n.m. From 600 n.m. on, there lent except for the range from about 1000
is a steadily increasing difference, amounting n.m., in which the maximum difference is less
to 7 or 8 dB at 1700 n.m. This could be due than 4 dB.
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178 Hz 'CW projector at 500 ft depth losses are not less than the computed ones by
(Fig. 90)1 appreciably more than 5 dB, nor does there

(C) hisfigre sowsthecomptedand seem to be any marked trend with frequency.
(C)ure Thius fogre h the c7 z iuomptda and (C) For data received from the north at

melasureceivales fo the 178w H s ispnuodal FLIg-h FLIP "~ largest measured losses in regions be-
~ia asrecive atthetwosus*ndd FiP y- tween convergence zones are equal to or less

drophones and a bottomed MILS hydrophone than the computed ones. This difference in-
at Kaneohe. The agreement is generally at craewihfqunynditrngupo
least as food as for the charge data presented crasesowth frqunc and. w10zthe lrages upffto
in Figs. 86-89, and perhaps somewhat betterenei about 400 ndm. at 100 Hz thargest 55difer
at the clo'ser ranges. At this writing the available Kaneohe com-

(U) A. rough summary of the differences puelossaetofworcm n.
between calculated and measured values is puelossaetofworcm n.
given in Table IV. This obviously cannot be a
very precise description; the only tendency Discussion
one can see toward a pattern in the differences
is in the increasingly greater discrepancy with (C) The most striking result of the corn-
increasing frequency at long ranges (600-1700 parison of measured and computed propaga-
n.m.), andl with range at the higher frequencies tion loss is the greater computed loss compared
(200 and 400 Hz). with measured loss, which increases with fre-

quency and range. In the section on Acoustic

Convergence Zones Results, analysis of the measured data alone
suggested that the losses attributable to ab-

(C) Detailed comparisons of measured and sorption were considerably less than those of
computed loss can be made but they are lrn- Thorp (1967), the latter of which were used
ited by the scale of these figures. The conver- in the FNWC model. The discrepancy in
gence zones are evident on all results, both Table III agrees within about 2 dB of the com-
measured and computed. The computed con- parisons of measured and computed losses
vergence zone separation appears to be slightly described above. Thus, if the apparent coeffi-
greater than the measured, by perhaps the cients observed experimentally in PARKA I
order of 1 or 2 percent. were used in the computation, the agreement

(C) At 100 Hz the lowest measured losses with measured values would be greatly im-
in convergence zone peaks are generally greater proved. Computed losses with a revised ab-
than the computed by 0 to 8 dB. A few meas- sorption term will be discussed in a later
ured peaks agree with the computed ones, but report.
thus far none of the measured peaks has less (C) Over long distances in three of the
loss than the corresponding computed one, four plots of 100 Hz propagation loss (except

(C) At 178 Hz many measured losses arey for Fig. 78) it is not profitable to debate
equal to or less (by as much as 5 dB) than the whether there is any difference between aver-
computed ones on convergence zone peaks. age measured and average computed loss.

(C) At 200 Hz and 400 Hz the comparison Nevertheless, there are sections of the plots
is similar to that for 178 Hz. The measured where the discrepancy becomes large enough
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to constitute a serious problem when the re- (C) The serious failure of the model to
quirement is to distinguish between sites where compute the correct loss between convergence
a difference of 3 dB may be very important. zones appears to be due to one or more of
No explanation is available for these differ- three possible factors: (1) errors in bottom
ences. Possibilijies&Sarejfailures of irnterpo- Ione estita~ps, (2) the lack of accounting for
lation methods in modelling horizontal gradi- leakage paths, or (3) inadequacy of the model
ents in sound velocity, and (2) recognized in accounting for the shape of the convergence
inadequacy in modelling diffraction effects in zone. These loss plots were all computed as-
steep gradients. The marked discrepancy at suming a bottom loss which is somewhat
all but the longest ranges in Fig. 78 (100 Hz) greater than is suggested by other short range.
may possibly be due to a combination of the comparisons of PARKA I data with geo-
sensitivity of propagation loss to depth for this graphical observations in this region.
source/receiver combination and an error in
the depth of- the hydrophone. Sumar an - nlui

Convergence Zone Comparisons (C) 1. A comparison of a number of prop-
agation loss vs. range plots shows agreement

(C) The small discrepancy between the between measured and computed average
separations of convergence zones of the ineas- losses within 0 to 3 dB at 100 Hz.
ured and computed losses is either a result of a (C) 2. At 200 and 400 Hz there is evi-
small systematic error in measuring range at dence that attenuation in the model is too
sea, or it is due to using slightly erroneous high by a factor amounting, for example, to
sound velocity structure. A thorough analysis about 18 dB in 1200 n.m. at 400 Hz. The
of errors is not available for PARKA I at this model can readily be modified to incorporate
writing. In the balance of the discussion, the this change.
discrepancy will be regarded as nonexistent. (C) 3. A 1 to 2 percent discrepancy is
Measured and computed losses in convergence noted between measured and computed con-
zones will be compared as though the local vergence zone spacing. This may or may not
point of minimum measured loss coincided be significant depending on the outcome of
exactly with the peak of the corresponding analysis of errors.
computed convergence zone. (C) 4. Comparison of measured and corn-

(C) The marked tendency for measured puted peaks suggests that small frequency de-
100 Hz peak loss to be greater than the com- pendent modifications be made in the rounding
puted loss suggests that the policy of rounding off policy for computing loss in convergence
off the L-factor (see p. 13) at a value of 250 zones.
is inadequate for 100 Hz, and 500 might be (C) 5 Compaiison of measured and corn-
better. At all higher frequencies 250 appears puted losses in the troughs between conver-
to give good results, but could possibly be ini- gence zones suggests that too high a bottom
proved by change to about 100. These are loss has been assumed in the model, and that
crude estimates subject to revision on more leakage paths may need to be taken into
detailed examination, account.
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Fig. 86 - Comparison of computed and measured transmission loss (C)
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MEASURED AND COMPUTED PROPAGATION LOSS SECRET

TABLE IV
Differences Between Computed and Measured Values

of Propagation Loss (Figs. 86-89)

60 ft Source and 2500 ft Hydrophone

0-250 nm 250-600 nm 600-1200nm [ 1200-1700 nm

100 Hz Troughs 0-5 dB Troughs 5-20 dB 0-1 dB in averages 0-1 dB in averages

Peaks 10 dB Peaks 0-10 dB

200 Hz Peaks 0-5 dB Peaks 0-5 dB 6 dB in averages Increasing from

Troughs 0-5 dB Troughs 2-20 dB 6-10 dB in averages

400 Hz Peaks 4 dB Peaks 0-4 dB Increasing from (No data)

Troughs 0-55 dB Troughs 55-65 dB 0-14 dB in averages I
60 ft Source and 10,800 ft Hydrophone

0-250 nm 250-600 nm 600-1200 nm 1200-1700 nm

100 Hz 5-10 dB 5 dB 3-5 dB 0-3 dB

400 Hz 0-1 dB 0-3 dB Increasing from (No data)
3-10 dB in averages

500 ft Source and 2500 ft Hydrophone

0-250 nm 250-600 nm 600-1200 nm 1200-1700 nm

100 Hz Limited data, (No data) 0-1 dB in averages 0-3 dB in averages
generally agree

200 Hz Limited data, (No data) 0-3 dB in averages Increasing from
general agree- 3-10 dB in averages
ment

500 ft Source and 10,800 ft Hydiophone

0-250 nm 250-600 nm 600-1200 nm 1200-1700 nm

100 Hz Limited data (No data) 0-1 dB in averages 0-2 dB in avirages
with equal
scatters

200 Hz Lim:ted data, (No data) 0-2 dB in averages 0-2 dB in averages
general agree-
ment
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"DEPARTMENT OF THE NAVY

OFFICE OF NAVAL RESEARCH

800 NORTH QUINCY STREET

ARLINGTON. VA 22217-5660 IN REPLY REFER TO

551011
Ser 93/160
10 Mar 99

From: Chief of Naval Research
To: Commander, Naval Meteorology and Oceanography Command

1020 Balch Boulevard
Stennis Space Center MS 39529-5005

Subj: DECLASSIFICATION OF PARKA I AND PARKA II REPORTS

Ref: (a) CNMOC Itr 3140 Ser 5/110 of 12 Aug 97

Encl: (1) Listing of Known Classified PARKA Reports

1. In response to reference (a), the Chief of Naval Operations (N874) has reviewed a number of
Pacific Acoustic Research Kaneohe-Alaska (PARKA) Experiment documents and has
determined that all PARKA I and PARKA II reports may be declassified and marked as
follows: _ _ _ _

Classification changed to UNCLASSIFIED by authority of Chief of Naval Research
letter Ser 93/160, 10 Mar 99.

DISTRIBUTION STATEMENT A: Approved for public release. Distribution is
unlimited.

2. Enclosure (1) is a listing of known classified PARKA reports. The marking on those
documents should be changed as noted in paragraph 1 above. When other PARKA I and
PARKA II reports are identified, their markings should be changed and a copy of the title
page and a notation of how many pages the document contained should be provided to Chief
of Naval Research (ONR 93), 800 N. Quincy Street, Arlington, VA 22217-5660. This will
enable me to maintain a master list of downgraded PARKA reports.

3. Questions may be directed to the undersigned on (703) 696-4619, DSN 426-4619.

PEGGY LAMBERT
By direction

Copy to:
NUWC Newport Technical Library (Code 5441)
NRL Washington (Mary Templeman, Code 5227)
NRL SSC (Roger Swanton, Code 7031)
DTIC (Bill Bush, DTIC-OCQ)



LISTING OF KNOWN CLASSIFIED PARKA REPORTS

Operation Plan, Pacific Aco ic Research Kaneohe-Alaska PARKA Experiment, Undated, ONR, 48
ages

SC NL Accession # 49 1)

eet Research Project 109 ARKA II, Undated, COMASWFORPAC-OPORD-303-69, Antisubmarine
arfare Force, Pacific Fl t, Unknown # of pages

SC NL Accession # 0 3561)

Pre minary Operation PI Pacific Acoustic Research Kaneohe-Alaska PARKA Experiment, June
196 , ONR, Unknown # f pages
(NU C NL Accession # 23063)

L P Briefing Report on the PARKA Series, May 1969, MC Report 001, Maury Center for Ocean
Scien e (ONR), 20 pag
(NUS NL Accession ! 023375)

Bath ermograph Tra es from PARKA, 20 May 1969, NUSL-TM-2213-118-69, 7 pages
(DTIC B952 259)

Bathym tric Strip Ch s in the North Pacific Ocean for Project PARKA II, 20 June 1969, Naval
Oceanog aphic Offic Unknown # of pages
(NUSC Accessio # 051659)

PARKA II xperim t Utilizing Sea Spider ONR Scientific Plan 2-69, 26 June 1969, MC-PLAN-01,
172 pages
(DTIC # BO 0 846)

PARKA I - A us c Processing and Results, 28 July 1969, USL Technical Memorandum No. 22 10-
015-69, NUSC London, 115 pages
(NUSC NL Acc ion # 202993-001) (NRL SSC Accession # 85009134)

A Scheduled At e Simulation of Adaptive Beamforming, 19 September 1969, NUSL-TM-2211-162-
69, 23 pages
(DTIC # B026 1)

Biological D ta Collected the PARKA I Transit, 23 October 1969, NUSL-TM-2213-262-69, 15
pages
(DTIC # B 52263)

PARKA I Experiment, Novembe 1969, MC Report 003, Volume 1, Maury Center for Ocean Science
(ONR), 84 pages
(NRL Accession # 466930) (NRL SSC Accession # 85004881< (DTIC # 506 209)

\/

ENCLOSURE (1) TO CNR LTR
5510/1 SER 93/160 DTD

10 MAR 99



DEPARTMENT OF THE NAVY
OFFICE OF NAVAL RESEARCH

875 NORTH RANDOLPH STREET
SUITE 1425

ARLINGTON VA 22203-1-995

IN REPLY REFER TO:

5510/1
Ser 3210A/011/06
31 Jan 06

MEMORANDUM FOR DISTRIBUTION LIST

Subj: DECLASSIFICATION OF LONG RANGE ACOUSTIC PROPAGATION PROJECT
(LRAPP) DOCUMENTS

Ref: (a) SECNAVINST 5510.36

Encl: (1) List of DECLASSIFIED LRAPP Documents

1. In accordance with reference (a), a declassification review has been conducted on a
number of classified LRAPP documents.

2. The LRAPP documents listed in enclosure (1) have been downgraded to
UNCLASSIFIED and have been approved for public release. These documents should
be remarked as follows:

Classification changed to UNCLASSIFIED by authority of the Chief of Naval
Operations (N772) letter N772A/6U875630, 20 January 2006.

DISTRIBUTION STATEMENT A: Approved for Public Release; Distribution is
unlimited.

3. Questions may be directed to the undersigned on (703) 696-4619, DSN 426-4619.

BRIAN LINK

By direction



Subj: DECLASSIFICATION OF LONG RANGE ACOUSTIC PROPAGATION PROJECT
(LRAPP) DOCUMENTS

DISTRIBUTION LIST:
NAVOCEANO (Code N 121LC - Jaime Ratliff)
NRL Washington (Code 5596.3 - Mary Templeman)
PEO LMW Det San Diego (PMS 181)
DTIC-OCQ (Larry Downing)
ARL, U of Texas
Blue Sea Corporation (Dr.Roy Gaul)
ONR 32B (CAPT Paul Stewart)
ONR 3210A (Dr. Ellen Livingston)
APL, U of Washington
APL, Johns Hopkins University
ARL, Penn State University
MPL of Scripps Institution of Oceanography
WHOI
NAVSEA
NAVAIR
NUWC
SAIC
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